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Abstract

Visual Plumes (VP), is a Windows-based computer application that supersedes the DOS
PLUMES (Baumgartner, Frick, and Roberts, 1994 mixing zone modeling system. VP simulates
single and merging submerged plumes in arbitrarily stratified ambient flow and bugant surface
discharges. Among its new fedures are graphics, time-series inpu files, user spedfied unts, a
conservativetidal badkgroundpall utant buil d-up cgpability, a sensiti vity analysis capability, anda
multi -stresor pathogen decay model that predicts coliform mortality based ontemperature, sali nity,
solar insolation, and water column light absorption..

VP addresses the issue of model consistency in aunique way, by including other modelsin
its suite of models. In thisway it promotes the ideathat in the future modeli ng consistency will be
adhieved by reaommending particular modelsin seleded flow caegories. Thisapproad isintended
to encourage the continued improvement of plume models. Consistent with thisgoal, VP includes
the DKHW model that is based onUDKHDEN (Muellenhdf et a., 1989, the surfacedischarge
model PDS (Davis, 1999, the threedimensional UM3 model based on UM, and the NRFIELD
model based onRSB. These models may be run conseautively and compared graphicaly to help
verify their performance The Brooks equations are retained to simulate far-field behavior. Finally,
DOS ALUMES may be seleded as one of the “models,” giving full accessto its cgpabiliti es.

The time-seriesfil e-linking cgpabilit y provides away to simulate outfall performanceover
long periods of time. Most eff luent and ambient variables can beinpu from fil esthat store data that
changewithtime. Thisistheheat of the pall utant-buil dupcapabilit y, designed for one-dimensional
tidal riversor estuariesto estimate badkground pdl utionfrom thesourcein guestion. Thetime-series
file linking cgpability is srved by "summary" graphics, i.e., graphics that focus on owerall
performanceindicaors, like mixing zone dil utions or concentrations.
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1 Introduction

Visual Plumes isaWindows-based mixing zone modeling application designed to replace
the DOS-based PLUMES program (Baumgartner, Frick, and Roberts, 1994. Like PLUMES, VP
suppatsinitia dilution models that simulate single and merging submerged plumes in arbitrarily
stratified ambient flow. Predictionsinclude dil ution, rise, diameter, and aher plumevariables. The
Brooks algorithm isretained for predicting far-field centerli ne dil ution and waste field width. New
feauresincludethe surfacedischargemodel (PDS), the multi -stressor baderial decay model (based
onMancini, 1978, graphicsoutput, time-seriesinpu, asensiti vity analysiscgpabilit y, user-spedfied
units, and a nservative tidal badkground pdl utant buil d-up capabilit y.

VPdiffersgrealy from PLUMESIintermsof operating system, model enhancements, model
additions, organization,and appeaance Thesingle-port Windowsversion d the UM model isnow
a fully threedimensional flow model. It is renamed UM3 to emphasize this change ad to
differentiateit from the previousversion. UDKHDEN, also athree-dimensional model, was one of
themodelsin EPA’sealier guidance(Muellenhdf et a., 1985 that isreintroduced uncer the name
DKHW. This addition ill ustrates a commitment to a mwmprehensive modeling platform that will
foster scientific competition by encouraging modelers to continue to improve their appli cations.

Some parts of PLUMES have been brought in basicdly unchanged. The RSB model isone
of these although its new name, NRFIELD and FRFIELD, sets the stage for introducing planned
changes. For the many users of PLUMESwhowish to suppat ealier projeds or take alvantage of
some of itsfeaures, like mmputing length-scde, simil arity parameters, andrelated inpu variables
not explicitly suppated by VP, VPisbadkward compatible. DOS RLUMES isone of the “models”’
suppated VP. When selected, VP prepares the necessary PLUMES inpu file and dsplays the
output, interpreting some of it graphicaly. For porting projedsto VP, it also reads PLUMES inpu
files (files with the VAR extension).

Like DOS PLUMES, VP alows the user to run many cases, however, multiple cases are
easier to set up and to compare. Determining model sensitivity to various input parameters is
facilitated. The ability to run different models, such asUM3 and DKHW, side by side and compare
the results in graphical form, should facilitate model comparison. The ability to link in and graph
verification data from files rounds out the ability to compare models.

Perhaps no other capability sets VP apart from PLUMES more than its ability to link in
time-seriesfiles. This capability provides away to simulate outfall performance over along period
of timeand, thereby, over many environmental scenarios. Most effluent and ambient variables, such
as effluent discharge rate and current direction, can be read from files containing val ues that change
with time over different timeintervals. Thus, a 24-hour diurnal flow file, cycled repeatedly, might
be combined with a current-meter data set thousands of records long. This is the heart of the
pollutant-buildup capability, the ability in one-dimensional tidal rivers or estuaries to estimate
background pollution from the source in question. The time-series file linking capability is served
by "summary" graphics, i.e., graphics panels that focus on overal performance indicators, like
mixing zone dilutions or concentrations. The use of time-series files does imply the preparation of
the necessary datain ASCII form, as described herein.
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For al itschanges, VPis dill atransition product. First, VP only begins to take advantage
of the objed-oriented programming paradigm offered by the Delphi language in which it was
developed. Idedly, therewill betimeinthefutureto full y take advantage of thismodeli ng paradigm,
which would help enhance the interface ad solve some of VP's current problems with
maintainability. Second, VP isonly a prototype for a mmprehensive modeli ng platform that could
ultimately suppat diverse mixing zone models, while dso including a protocol designed to satisfy
applicable regulations. When spedfied, the protocol would automaticdly run the airrently
recognized official models. ThusVPwould foster scientific competitionwhil e suppating modeli ng
consistency. Third, the tidal pallutant buildup capability is only a step in the diredion d afully
threedimensional mixing zone analysis padage of the future.

1.1 General Overview of the I nterface

The VP user interfaceis organized into five tabs: Diffuser, Ambient, Special Settings, Text
Output, and Graphics. For setup and inpu, several Windows controls and comporents, such as
tables, pul-down and popup menus, butons, andlistsare provided. Numericd inpu isdominated
by two input tables, defining the diffuser charaderistics and flow condtions and the anbient
conditions. Other informationisinput inamemo bax, anumber of control panels, lists, and butons,
and, various edit boxes, lists, file dialogs, and radio butons on the Special Settings tab.

A context-sensiti ve help system all ows one to right-click onany comporent on the screen,
or use the help menu. Many help topics contain hypertext links; text displayed in green may be
clicked to display further information onthe indicated item.

To reduceredundancy, several inpu interpretation techniques have been written into VP to
makeinpu regquirements contingent onacdual avail abilit y of data. In many appli cations, inpu tables
must be completely fill ed in with data, whether the data ae redundant or nat. In VP, dataneed na
be entered into the inpu tables when their existenceis not implied. For example, if ameasurement
program sampled current speed at 10 and 30meter depth and temperature a the surface ad 25n,
then four rows of input cdls are needed to hdd the data. However, VP requires the user to enter
current speed orly onthe 10and 30m rows, na onthe surface ad 25n rows. The exceptionisin
the diff user table where dl required columns must have avaluein thefirst row, whichiscdled the
base cae.

To prepare VP to runthe user must define the base cae and complete & least one anbient
profile in the table on the Ambient tab. Model seledion and case spedfic information determines
which columnsrequireinpu; columnslabeled n/r are not required by the spedfied configuration o
target model. For more than orerun, a rows, only cdl valuesthat are different from the base cae
need be entered. If a cdl i sempty, its valueisinherited from the previous row. The runtime mode
is determined by the setting of the Case seledionradio buton panel; choices areindividual cases,
al casesin sequence (running all ambient files or parsing the cae range gpended to the anbient
file name), or all possble mmbinations of cases.

The organization d thedataon dff erent tabs emphasi zesthat V P diff user andambient input
dataare maintained in separate fil eswith adb extension. With PLUMES it was often dfficult to tell
how individual cases varied from ead ather. VP all eviates that problem by fil e separation, which
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avoids repetition of ambient data. The advantage of storing the datain separate filesisthat ambient
data files can be used for other projects.

VP supports user-specified units. On both Diffuser and Ambient tabs, the user can click on
the row above the input table to select units from alist of up to five choices revealed on a pop-up
list. Unless the Units conversion radio button is set to label only, the datain the affected columns
are automatically updated to convert to the new unit. In addition, some of the columns are multi-use
columns. For example, the salinity column can be changed to a density column by simply selecting
adensity unit from the list of unit options.

The Special Settings tab provides a choice of output variables and access to other controls,
parameters, and options. The Text Ouput and Graphical Output tabsdisplay the output. Graphicscan
be customized by double-clicking in the margins of each panel. Other options are provided on the
|eft side of the graphing panels, including the V erify button that opens averification file dialog box.
Many VP settings are stored in the project file with the st extension.

1.2 Modes Supported by the Visual Plumes Platform

There are presently five recommended modelsin VP: DKHW, NRFIELD/FRFIELD, UM3,
PDSW, and DOS PLUMES. These and the Brooks far-field algorithm and an experimental vector
model are briefly described below.

UM3

UM3 is an acronym for the three-dimensional Updated Merge (UM) model for simulating
single and multi-port submerged discharges. The model is coded in Delphi Pascal, the language of
Visua Plumes.

UM3 isaLagrangian model that features the projected-area-entrainment (PAE) hypothesis
(Winiarski and Frick, 1976; Frick, 1984). This established hypothesis (Rawn, Bowerman, and
Brooks, 1960) quantifies forced entrainment, the rate at which massisincorporated into the plume
in the presence of current. In UM3 it isassumed that the plumeisin steady state; in the Lagrangian
formulation this implies that successive elements follow the same trajectory (Baumgartner et al.,
1994). The plume envel ope remainsinvariant while elements moving through it change their shape
and position with time. However, ambient and discharge conditions can change as long as they do
so over time scales which are long compared to the time in which a discharged element reaches the
end of theinitial dilution phase, usually at maximum rise.

To make UM three-dimensional, the PAE forced entrainment hypothesis has been
generalized to include an entrainment term corresponding to the third-dimension: a cross-current
term. As a result, single-port plumes are simulated as truly three-dimensional entities. Merged
plumes are simulated less rigorously by distributing the cross-current entrainment over al plumes.
Dilution from diffusersoriented parallél to the current is estimated by limiting the effective spacing
to correspond to a cross-diffuser flow angle of 20 degrees.

The runtime and display performance of UM 3 has been improved by better controlling the
simulation time step. In addition to being controlled by the amount of entrainment, thetime step is
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now also sensiti ve to the anount of trajedory curvature. In some caes, this $nsitivity to curvature
acdually reduces the number of time steps needed to produce asimulation kecause the sensitivity to
entrainment can be reduced.

Duetothefad that UM 3 iscoded in Delphi Pascd, the native language of VP, UM3isfully
integrated with VP s badkground bul d-up cgpability. Given that atime-series record for tidal flow
in a one-dimensional channel can be provided, VP can estimate the buildup d badkground
concentration resulting from the repeaed passage of a given fetch of water past the discharge.

DKHW

DKHW is an acdonym for the Davis, Kannberg, Hirst model for Windows. Like UM3,
DKHW isasoathreedimensiona plumemodel that also appli esto single axdmulti-port submerged
discharges. UnlikeUM3,DKHW isaFortran-based exeautablethat iscal ed by VPon demand. This
method of implementation dus a more detailed nea-field theory carries a penalty in the form of
generally greder exeautiontime.

Within VP, DKHW runs from a DOS HELL evidenced by a DOS window that appeas
when it is run. Depending on the operating system, one may need to close the DOS window after
DKHW isfinished running. The word “finished” appeas in the window’ stitle bar to indicate that
DKHW isdore, at which time the window may be dosed.

DKHW isbased onUDKHG and UDKHD EN described in Fundamental s of Environmental
Discharge Modeling (Davis, 1999. It uses the Eulerian integral methodto solve the equations of
motion for plume trgjedory, size, concentration and temperature. In this approach dstanceis the
independent variable, whereas in the Lagrangian formulationtime is the independent variable.

DKHW provides detail ed cdculationsin bah the Zone of Flow Establi shment (ZFE) andin
the fully developed zone, and considers gradual merging of neighbaing plumes. This ability to
model thenea fieldingrea detail i scurrently receving renewed interest becaise sdmonidsarevery
sensitive to elevated temperature.

DKHW is presently limited to pasitively buoyant plumes.

PDSW

PDSW isthe VP namefor the PDSWIN exeautable model, an aconym for the Prych, Davis,
Shirazi model for Windows, which has been modified to be compatible with VP. PDSWIN is a
version of the PDS surfacedischarge program also described in Fundamentals of Environmental
Discharge Modeling (Davis, 1999. PDS is a threedimensional plume model that applies to
discharges to water bodes from tributary channels, such as codling tower discharge canals. Like
DKHW, PDSWIN is a Fortran-based exeautable that is cdled by VP on demand.

PDSWIN provides smulationsfor temperature and dlution over awide range of discharge
conditions. It was used to develop the nomogramsin Shirazi and Davis (1972. PDSisan Eulerian
integral flux model for the surfacedischarge of buoyant water into amoving ambient body of water
that includesthe dfedsof surfacehed transfer. The plumeisassumed to remain at the surfacewith
buoyancy causing it to rise and spread in all diredions. Theinitial discharge momentum causesthe
plumeto penetrate the anbient at the same time that the aurrent bends the plumein the diredion o
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flow. Discharge is assumed to be from aredangular condut into alarge body of water. PDSWIN
cdculates plume trgjedory, average and centerline dil ution, dume width and depth and centerline
excesstemperature. It also cdculatesthe aeas within seleded isotherms. In additionto VP output,
additional output data ae available in the PDS.OUT file in the default diredory using any
compatibletext editor. The user must monitor boundiries. Calculations beyondthe point wherethe
plume hitsaboundxry are questionable. Plume atachment at the nea shore can be simulated using
the image method in which the discharge flow and width are doulded and ony one haf of the
resulting plume is considered. As with DKHW, the DOS window may have to be dosed when
PDSWIN isfinished.

NRFIELD

NRFIELD (RSB), asitsentry onthe Model menu suggests, isthe successor tothe PLUMES
RSB modd. NRFIELD is an empiricd model for multiport diffusers based onthe experimental
studies onmulti port diffusersin stratified currents described in Roberts, Snyder, and Baumgartner
(1989, a, b, c) and subsequent experimental works. NRFIELD is based on experiments using
T-risers, eat having two pats, so at least four ports must be spedfied for it to apply. Animportant
asumption is that the diffuser may be represented by a line source This assumption may have
important impli caions on small mixing zones, in which the plumes may nat have merged.

FRFEIELD

The FRFIELD model estimatesthe long-term distribution d pal utantsin thevicinity of the
outfal. Thismodelsis based onthe two-dimensional "visitation-frequency" model is not currently
operational.

DOS RLUMES (DP)

DOS ARLUMES, formerly cdled PLUMES, isthe dired predecessor of VP. The PLUMES
users guide (Baumgartner, Frick, and Roberts, 1994 is avail able onthe VP compad disk and the
program may run independently of VP. It is linked to VP for two main reasons. First, many
individuals have used PLUMES and have developed projed fil esthat they wish to import into VP,
and,second,PLUMES has ssme unique cgabiliti esthat may be useful to the VP user. For example,
the DOS applicaion provides an easy way to develop the numerica identity between related
variables, like between pat effluent speed and dredion and pat effluent vedor velocity
comporents. The aility to process and dsplay PLUMES output also alows one to see how
modeli ng improvements have thanged the predictions.

3-D, single-port vedor model

Thisis an experimental model that is not currently recommended for official use.
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Brooks far-field algorithm

This“model” isfunctionally diff erent from theforegoing modelsinthat it isnaot listed onthe
Modelsmenu.Insteal, it is gedfied by cheding the Brooks far-field solution option onthe Model
Configuration chedli st onthe Diffuser tab. Briefly, the dgorithm isasimpledispersioncaculation
that isafunction d travel time andinitial waste-field width.

Compared to the PLUMES version, the Brooks far-field algorithm has been considerably
improved. In additionto having better control over output variables, the dgorithm, through the VP
time-series cgpability can now simulate time-dependent behavior. Thus, diel and aher cycles can
now be simulated. Thisis very important for estimating the dfead of highly variable medanisms
such as baderial decg, which depends grealy onthe variable intensity of ultra-violet radiation.
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2 General Introduction to Visual Plumes (VP)

V P hasbeen designed to besimilar to standard WINDOWS appli cationsfeaturing menu bars,
dialogue windows, check boxes, tabs, panels, and other components. The more important of these
visual features are briefly described below.

21 Menus
File Menu (and file naming conventions) Edit Models StopFu
Open Project
The File menu (Figure 2.1) allows the user to open an existing ||~ 49dAmbEn
LCreate Project

project, add an ambient fileto the project, create anew project, save project
files under a new project name, import DOS PLUMES VAR files, import
UDF (ASCII) files, recall a previous project, print the display, setup a
printer, and exit VP. The open, create, and other commands invoke a
standard file directory dialogue window. Ambient files may also be added
tothe Ambient filelist by right-clicking in thefilelist window to reveal the
corresponding pop-up menu. The print command printsthe graphical image
of the selected tab. For compl ete text output, an output filemay bespecified | gy
on the Special Settingstab, or text can be selected and copied from the text ;Iint i
tab and pasted into atext editor.
When anew project iscreated, aHow to Proceed... window (Figure = Eg
2.2) appearsto allow the user to specify the intended target model for the ¢
application, and, whether or not to retain graphicsfrom the previousproject.
By clicking successively on each model, the table headers can be seen to
changein the background. Thisreflectstherequirementsof the different model s. Once the Continue
button is pressed, VP completes the creation process by giving the project a unique default name,
which the user can change with the Save project as command. The project file, associated with the
Diffuser tab, is given the extension vpp.db. An example
of a default project file name is VP plume 1.vpp.db,

Save project as

Irnport AR file
Irport LDF [ASCI] file

1 Open Old Project

Figure 2.1 File menu

Egg?_anw to Proceed. ..

where VP plume 1 is the default project name.  Lendct Hodel aithe HowRioet
To compl etethe project file-creation process, VP K B « Driw
automatically creates two additional files. £ HHEIELD {2 HBFIELD
Theadditional fileappearsonthe Ambient tab, its € UM VR) & LW VP
name consists of the project name followed by a yyy.db € PDS (she) € PDS (sfc)
extension, where yyy isanumerical code like 001, 002, SR st
etc., a three-digit number which may be used as a

tempIaIe for additional ambient files identified by Calumn 1, clear previous output; Column 2, retain previous output
different numerical constants (001, 002, etc.) - |

Figure 2.2 Specifying a target model
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The second additional fileisan ASCII files that bears the project name followed by the Ist
extension. Thisfilelists project propertiesfor future reference. Thelist fileisread the next timethe
project is opened, using it to re-establish most of the settings existing in the previous session. The
filemay beedited in any common word processor although thisis not recommended. M anual editing
changes must follow the established format or the results may be unpredictable.

Edit Menu

A limited Edit menu allows the user to reset headers and substitute backup files to replace
unwanted changes made since the beginning of the project session. The latter capability is useful
when data corruption is suspected or has occurred.

Models Menu

The Models menu alows the user to select and run the desired model. The models are
described briefly in Section 1.2 above. Notice that at the menu level most models are accessible by
typing the underlined character or hot key. The hot key can be used without clicking the Models
menu. For example, UM3 can be run with a control-U, (*U) keystroke, DKHW with ~K, etc.. The
key sequenceisnot case sensitive. In addition, on both the Diffuser and Ambient tabsthereisasmall
blue and yellow icon of a plume. Once aparticular model has been selected, aclick of theicon runs
the identified model. The Models menu offers away to change the original target model.

Stop-Run Menu

The Stop Run menu option allows the resident native models, namely UM3 and 3-D, to be
terminated during execution. With VP it is easy to set up numerous runs that can take along time
to complete. The Sop-Run option will terminate a long chain of runs. The other models run
externally and may be interrupted by closing their windows.

Help Menu

The Help menu provides afairly traditional help capability, including contents, search, and
about options. Help topics frequently contain green hyperlinks that may be click to cross-reference
related topics.

Speed bar buttons

A speedbar provides menu shortcut buttons for some of the more important menu
commands. Aswith other components, when the cursor ismoved over the buttons, their functionis
displayed on the status line at the bottom of the VP window.
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!;Visual Plumes: A Graphical Interface for Dilution Models, U.5. Environmental Protection Agency, 25 Oct 2000
File Edit Models

Hel=eaewEE =

Stop Run Help

Diffuser: Sadog Tase Aug 00.vpp.db |Ambient: C:\PlumeshS adog Tase Aug 00.001.db | Special Settings | Textual Output | Graphical Dutputl Surface Discharge Modall

After run go to tab -

Model Configuration

Project IC:\Plumes\Sadug Tase Aug 00 Azt file list “ b _
Filename Cazes - AI ;ser [_| Brooks far-field solution
: . : oq Tase dug 00,00 mbient [] Graph effective dilution
An exarnple potentially involving four flow and discharge adog Tase dug 00.001.db 1 1 € Spoca i e e
3 £ L. adog Tage dug 01.002.db 11 :
scenanios and two ambient iput ples  Textual ; Amb. current vector averaging
G Graki L] Tidal pollution buildup
1apE [ 5 ame-levels time-series input
Units Conversion—
& Corvert data r— Case selection
© Label anly & Base or selected caze
= = Sequential, all ambient list
€ Sequential, parse ambient
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Figure 2.3 The VP interfacewith the Diffuser tab seleded.

22 Tabs

Prominent VP feaures are tabs locaed below the speed-bar buttons
ead other sothat only oneisvisible & atime. They arethe Diffuser, Ambient,

Ambient tabs append the names of the open files to the tab name. Figure 2.
when the Diffuser tab is clicked. Thisisthe default tab when VP is garted.

Thetabs' comporents are generally formatted by color. White badkgroundmeans that the
comporent can bemodified by diredly typing, or entering, data andinformationinto thegiven cdls.
A beige badkgroundmeansthat the cmmporent’ s contentsare manipulated by clickingonit. In some
nthe comporent. The

cases, the beige ammporents have pop-up menus adivated by right-clicking o
contents on the window of ead tab are discussed below.
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project in the yellow box above the Project memo box. = Add all ===
There are several panels on the Diffuser tab that contain Inzert file
various components. From the top left to the bottom right = jzert il
these include:

1.

2.2.1 Diffuser tab ;
Edit

The Diffuser tab displays the name of the current =~ #ddfile

Remove zelected files

Project box: This yellow box displays the Remove zelected and following files

name of the current project. Below itisamemobox | B=
that may be used to define a project by nameand to
write specific notes about the project. This is a
limited-capability editing window. Scrolling is
supported but spaceislimited and text after the fifth
blank lineisignored.

Ambient filelist: Thislist box displays the name of ambient files

Figure 2.4 Ambient file list pop-up
menul.

that have been previously created and selected for use with the T
project. In addition to the add-ambient command available on the EIH'E.WL’ Effluent |t
file menu, a right-click pop-up menu (Figure 2.4) provides || salivity[] |t
facilities for editing the file list. For more information, see the [
e . : pEu
description at the end of this subsection. EE——
After run go to tab radio group: Thisgroup specifiesafavoritetab 45pmals | f
to moveto after amodel has been run. MLD
Units conversion radio group: Occasionally one may wish to MGD
change the units label without also converting the values in the f3/'s
column. This option allows the units conversion pop-up menus bbl/d

(Figure 2.5) to be used to change only the unit |abel. Figure 2.5 Units
Model configuration checklist: This is a checklist for changing conversion pop-up
fundamentally the way input is read, models are set up to run, menuy
output is presented, and other options. For example, if Average
plume boundary is checked, VP graphs an internal boundary at which the plume dilution
equals the average plume-element dilution.

Case selection radio button group: This group of push = BN RNl
buttons allowsthe user to set the run mode. For example, | = najate this and follawing lines
individual or multiple cases can be selected for :
subsequent execution.

Diffuser, Flow, Mixing Zone Inputs panel: The heart of
this panel is the diffuser table that provides space for = Lancel
inputting diffuser specifications and flow conditions. ' :
Cdlsareprovided for inputting data. A right-click onthe
diffuser table reveal s the pop-up menu shown in Figure menu
2.6, which provides additional facilities for editing the '
table.

Fant pitch
Help

Figure 2.6 Diffuser table pop-up
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8. Unit conversion pop-up menus. These pop-up menusalow oneto changethe unitsor labels
associated with the cell. A click on the unit label reveal s the pop-up menus. An exampl e of
amenuisgivenin Figure 2.5.

9. Parameters for selected row panel: The button by that name, when clicked, displays
additional information about a specified selected case. The selected caseisidentified by the
» character in the left hand margin of the diffuser table. The case is changed by ssimply
clicking on the row.

10.  Finally, the optiona Time series files panel and table provides linkage information and
values which, when time-series files have been prepared, is linked by clicking on the top
cellsin the grid. This grid is accompanied by a Borrow time-series from project edit box
which allows other projects to be specified from which to input time-series data.

The diffuser input table

Thisisthelargeinput tablein the middle of the tab designed to display diffuser and effluent
flow data. A convenient property of thetableistheway it correspondsto desiredinformation. Except
for the first row, or base case, data need only be entered when a particular diffuser or flow
characteristicisto be changed for that row, or case. Blank cells either indicate that the columnisnot
required (labeled n/r) or the value is the same as the one in the previous row. Thisimplies that all
required columnsin the first row, or base case, must be specified.

These genera rules are modified to accommodate time-series file data, explained in more
detail in Section 5.

Multiple Ambient Files

Ambient filesassociated with aproject are showninthe Ambient filelists, one onthediffuser
tab and the other on the ambient tab. Both lists can be clicked to change the ambient file displayed
on the ambient file tab and table. However, the master list is on the diffuser tab; only it can be
manipulated to add, insert, or remove files from the list.

Additional ambient files can be added to the master list by right clicking on the list and
selecting the Add-file option from the pop-up menu (see Figure 2.4) and selecting the name of the
desired file from the dialogue window. Again, to display a particular ambient file, or table, ssimply
click on a particular ambient file name on the list and the identified file is put on the Diffuser and
Ambient tabs. At the same time, the file name appearsin the edit box below the list whereit can be
edited.

The purpose of the edit box isto make it possible to append case numbers that specify the
range of casesto which theambient fileisto apply. For example, if therearefivedifferent casesand
two ambient tablesnamed ambient_file.001.db and ambient_file.002.db, and onewishesthefirstfile
to beused for Cases 1 through 4 and the second for Case 5, the ambi ent table names can be modified
in the edit box to show ambient_file.001.db 1 4, and ambient_file.002.db 5 5. The numbers must be
in ascending order.

After theambient list has been edited to include the case ranges, thereisanother way to place
the corresponding files on the Diffuser and Ambient tabs. To see which ambient file is associated
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with aspecific row or casein the table, double click on arow and the corresponding ambient fileis
shown on the Diffuser and Ambient tabs.

Case selection

In the Case selection box, the Base or selected case option refersto running a specific case,
or row, of diffuser data. A click on acell in the diffuser table moves the triangular arrow (») to the
left of the table to the specified row and gives that case hasfocus. If it isthefirst row, then the base
case hasfocus. When the required columns arefilled in, at least in the first row, amodel consistent
with the required columnsis ready to be run. (The exception to cells requiring input is when one or
more of the flow variablesis linked to a time-seriesfile, in that case the column should be blank
because the variable is read from afile at run time; this is discussed further in Section 5.) Lines
below the base case (first row) need only contain values that are different from the base case.

When one of the Case sel ection sequential buttonsis selected, VP runsthe input table from
thetop to the bottom of the diffuser table, either systematically running through the ambient-filelist
or parsing the row numbers appended to the filenames in the list. If parsing is specified but no
numbers are appended to the file names, VP runs al caseswith only the file specified. When the All
combinations option is selected, VP mixes variables in al possible combinations and runs them
creating acomplete matrix of input conditions. Thisincludes all ambient tables associated with the
project. (Note: the All combinations option may result in avery large number of runs, the number
depending upon the number of cases, or rows, specified and the number of variables, or columns,
containing more than one value).

Units conversion

The Unitsconversion radio group options sets one of two modes. In the default Convert data
mode VP will automatically convert a column of values from one set of unitsto another whenever
a units pop-up menu (Figure 2.5) is used to change units. For example, a temperature of 32 F
becomes 0 C if theinitial unit was degrees Fahrenheit and its value was 32 and the Celsius unit is
selected from the pop-up menu. The column unit header is changed accordingly. Try this.

Inthe Label only mode, only thelabel ischanged. Thisisconvenient when oneinadvertently
entered datawith a set of unitsin mind that differ from the indicated set of units. This capability is
also useful when information on unitsislost after a power outage. However, usualy VP is able to
correctly reestablish the units after acrash as it stores information on units not only in the diffuser
and ambient db filesbut alsointhe project list file. Sometimes, depending on the situation, restoring
the backup files may be the best way to reestablish a pre-existing file configuration.

Model configuration

The Model configuration checklist has several check boxes for configuring VP. A check
indicates that the option is operational. The checklist is used to fundamentally change the way VP
and the models, particularly UM 3, perform at run time. For example, if the Brooksfar field solution
selection is checked, VP will add the far-field algorithm solution to the initial dilution prediction.
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Only onthediln (dil ution) graphic panel, the Graph effectivedilution seledionwill substitute
an aternative dil ution measure, the ratio o the dfluent concentration to the plume @ncentration,
for the mass(or, approximately, the volume) dilution. The dfedive dilution dffers from the mass
dilution when the anbient recaving water contains quantities of the palutant in question, i.e.,
badkground pdlution. The entrainment of palluted ambient fluid reduces the gparent dilution
becaise the anbient entrained fluid eff edively adds to the plume's pall utant burden.

The Average plume boundary seledion graphs an internal plume boundary correspondng
to the average dilution. The value of this capability is that the cncentration at this boundary
correspondsto the average dil ution ouput by UM 3 and DKHW, bath of which adopt the 3/2 power
profile to describe the profile of concentration acossthe plume aosssedion. Thisis helpful for
determining mixing zone boundary concentrations where its gedficaionis criticd. For example,
if the plume gproacdhes the mixing zone boundxry at an angle, the aiterion concentration may not
be exceaded urtil thisinternal boundary crosses the mixing zore.

The Amb current vector averaging seledion spedfies how the anbient table, spedficdly,
thecurrent variables, areinterpreted. When chedked, interpolationat agiven depthisbased on vedor
averaging, otherwise, diredions are averaged. For example, suppcse the plume dement is halfway
betweentwo depthsat whichthe wrrespondngdiredionsarenorthward (0 deg) andsouthward (180
deg) and at which the aurrent speed has equal magnitudes. Vedor averaging will result in a zero
current while angular averaging will result in a arrent direded in the eatward diredion. In an
estuarine or riverine settings, vedor averaging is recommended.

UM3 only: the Tidal pollution buildup seledioninvokes VP spadlution buldupcapability.
Thiscagpability isintended to be used in estuarine discharge situations where the dfea of tidesisto
cause thereceving water to passrepeaedly over the discharge point. When chedked, every time a
parcd of recaving water passs over the discharge point, effluent is added to it. If the freshwater
flow is small, this processcan leal to the repeaed loading of aparticular parcd of recaving water,
before it finally passes downstream permanently, ou of the influence of the discharge. Combined
with the Amb current vector averaging seledion, it allows UM3 to estimate (in a mnservative
fashion) thebadkgroundconcentration of thereaeiving water, assuming that the sourceisresporsible
for the presence of padlutionin the receving water.

Finaly, the Same-level stime-seriesinput seledionsetsupVPto gredly speed uptheprocess
of reading andinserting new time-seriesdatain the anbient data aray. The anbient data aray isnot
avisible omporent but an internal array that is maintained by VP when the plume modelsare run.
Comparatively speaking, theinterpretation d the anbient database table when creding the anbient
data array is avery CPU-intensive adivity. This ssledion bypasses the interpretation processand
diredly insertsthe time-series datain the anbient array. However, the shortcut can ony be gplied
when al datais colleded at the same levels. In ather words, the depths edfied in the healer line
of the time-series data file must correspondto the depths gedfied in the anbient table on the
Diffuser and Ambient tabs. This sledionis valuable when many cases are run.

Useful parameters and conversions

At the lower left corner of the diffuser table is the Parameters for selected row panel that
gives the densimetric Froude number and aher projed parameters. In addition to the densimetric
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Froude number, the effluent density, and the port discharge velocity, it gives the vaue for the
selected cell, onein the primary unit (like meters) and the other in the selected unit (like feet). The
last value is the case number for the specified row. The top three are only updated when the button
ispressed. Thevalue of thispanel islimited by the need to update variableswhich can only be done
by going from column to column, not from row to row. For more information, see Section 4.1 and
Section 6.1.

Time-series input

Near the bottom right of the Diffuser tab isthe Time SeriesFile (optional) panel. When there
IS no time-series data, or it is not an issue, this panel can be ignored. For time-series analysis,
however, thisisthe panel where the appropriate time-seriesfiles are linked to VP. These files must
have been previously created and have the correct file name. The creation of thesefilesis discussed
in Section 5. Files other than those named using the default names can be specified by using the
Borrow time series from project dialog box.

For exampl e, assuming that thetime-series dataon effluent flow hasbeen stored in afilewith
the correct filename, aclick ontheclick for filecell causesthe corresponding fileto belinked to VP.
This action causes the words click for file to be replaced by the file name, followed by time
increment, cycle period, and measurement unitsin the cellsbelow it. These values areread from the
first line of the time-series file. Any value that was in the effluent flow cell of the diffuser tableis
replaced by ablank. The reason for thisisthat VP is set to take flow data from the time-seriesfile
and not from the diffuser table, which represents steady state input. The same procedure holds for
other time-series variables for which there arefiles.

The time-series borrow edit box specifies an aternative project that is checked to establish
afileif atime-series filename made up of the project name and the appropriate extension is not
found.

2.2.2 Ambient tab

Theinput table of the Ambient tab is similar to the input table the Diffuser tab. Figure 2.7 is
asample of the Ambient tab window. Components include:
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1. The Ambient-Inputs panel includes the ambient input table, for entering ambient data at
various depths (or heights). Above the datatable is an expanded selection table (or header
array) for specifying depth or height mode, interpolation options, and units.

2. An Ambient filelist that lists existing ambient files that were added previously; likethelist
box on the Diffuser tab, aclick on afilename putsthe corresponding data on the ambient tab.
Unlike the one on the diffuser tab, thislist cannot be used to add or delete files.

3. The Time-seriesfiles panel for linking time-seriesambient datafilesto VP, serving the same
function as the corresponding panel on the Diffuser tab (see Time-series input, above).

The ambient input table

This is the large input table in the middle of the tab designed to display ambient water
column data. A convenient property of the table istheway it correspondsto available data, that is,
data need only be entered at depths at which it is available. Blank cells indicate that data are not
available at those particular depths or are not required (n/r columns). The first line need not
correspond to thewater surface, nor must thelast line equal or extend bel ow the port depth. The data
correspond to actual depths at which measurements were made or inferred. With the exception of
at least one value to define a given ambient property, the cells are best 1eft blank when there is no
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data. The input values are dl adual measured, ar, assumed, values. Unlike the diff user table base
case, thefirst row of the ambient table may have enpty cdls.

There are a oupe of exceptions, or recmmmendations. It isrecommended that azero depth
row is gedfied. Also, to force VP to extrapal ate to the bottom, aline spedfying the bottom depth
isrecommended, even if there ae no aher dataonthat line.

VP hasaninterpolationandextrapolationcgpabilit y that all ows an urcluttered display of the
data. VP'saccetanceof blank cdlsisintended to help give animmediate mnception d the average
and completenessof the atual data.

These genera rules are modified to accommodate time-series fil e data, explained in more
detail in Sedion 5.

The header array

VP consults the healer array to determine the proper way to interpolate or extrapalate the
datain the anbient datatable. For example, if at any time during the simulation the plume dement
is below the deegpest indicated water column depth (input in thefirst column or Measurement depth
or height column), VP consults the header array to determine how to extrapolate the anbient data
table to provide the amrred ambient value & any depth.

The Depth or Height row of the header array al ows one to toggle between depth or height
modes of datainpu. Depth mode means measurements were taken at distances below the surface
Height mode means measurements were taken at distances above the bottom.

The Extrapolation (sfc) row of the header array cycles between the constant, extrapolated,
and linear_to_zero modes of surface atrapaation. Its stting determines how VP will cdculate
temperature or other variables between the surface adthefirst datavalue. Inthe constant modethe
value of the property is equal to the first cdl value in the alumn. If there is more than ore value
spedfied in the wlumn, the values in the surfacelayer are extrapolated from these.

The Extrapolation (btm) row of the header array works smil arly for depths between the last
cdl valuein the column and the bottom.

The Measurement unit row of the healer array functions like the units row on the Diffuser
tab. A click onit pops upalist of units from which to chocse.

These first threespedfications are avail able for al variablesin the healer array except the
water column, i.e., thefirst column. Thelatter valuesin thefirst column are dways pedfied, either
as depths or heights. To change the units in this column, ore must first doude dick onthe cdl to
put it in the change mode. These ae alvanced concepts treaed in more detail in Sedion 5.

Run-time dficiency

For computational econamy it is desirable to smoaoth the anbient data to avoid many small
verticd incrementsinthe anbient file. Whil ethisisnot arequirement, the presenceof many verticd
depths will cause VP to more frequently define bracketing depths. Thisis a mmplicaed process
invalving the Borland Database Engine, that is necessary to creae afill ed, internal array of values;
running it at every time step can mean asignificant differencein performancewhen many casesare
run.
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Creating additional ambient tables

Freguently amixing zone analysisinvolves several or many ambient scenarios. Unlesstime-
seriesfilesarelinked to VP, each scenario is expressed in its own ambient table and associated file.
When anew project is created the ambient table will be blank, except for an assumed value of 0 in
the depth column. As ambient dataiis stored in adatabase (direct access) file, the dataare stored as
soon as they are entered. The file name is determined by tacitly accepting the given filename or
giving the file a new name using the Save ambient file as command on the File menu. In this way
many ambient files may be created, each one serving as atemplate for the next.

To facilitate linking many ambient files to other projectsit is useful to use the ambient file
naming convention consi sting of the appropriate project name, followed by anumeric sequence (001,
002,...), followed by the extension db, e.g. VP ambient.003.db. When using the Save ambient file as
command this convention is offered by default and, upon acceptance or change, are added to the
ambient filelist. Filesnamed in thisway may be added to another VP project en masse using the Add
all xxx command from the pop-up menu shown in Figure 2.4.

Limit on restoring initial ambient table data

CAUTION: As for the diffuser tab, The Edit menu has a Substitute ambient backup file
command for restoring theambient tabletoitsoriginal state, valuesthat existed when the project was
first opened. For ambient files, this only works for the file at the top of the ambient file list. This
means, effectively, that unless you make copies of the other ambient input files, any changes you
make are permanent.

Time-series ambient input files

The time-series panel on the Ambient tab is similar to the one on the Diffuser tab. The
ambient time-series files must have been created beforehand as discussed below. They are selected
by clicking on the click for file cell, as described above for the diffuser tab. The time-series-files
array is covered in more detail in the section entitled "Time related data, time-series files."

2.2.3 Special Settingstab

The Special Settings tab, Figure 2.8, controls text and graphical output format and other
functions. There are five panels on the tab:
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Figure 2.8 Special Settingstab with UM3 tidal pollutant buildup parameters components
hidden (not required because UM3 is not the currently selected model).

UM3 tidal pollutant buildup parameters panel

The components on this panel are revealed when
the Tidal pollution buildup option is checked on Model
Configuration panel. An exampleis shownin Figure 2.9.
The edit boxes must be completed to use the tidal
pollutant-buildup capability. Briefly, in tidal rivers, this
capability makesit possible to estimate the time-varying
background pollution concentration that can cause the
effectivedilution of the outfall to decrease. Thisoptionis
currently limited to the UM 3 model.

UM tidal pollutant huildup parameters

Channel width [m]

MEE

Channel zeq. length [m] |25[J

Upztream dir [deg]

Coaszt bin [10-93)

Coazt concentration

1
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I
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|
o |

Internal aay cellz used = 139 |

Figure 2.9 Tidal buildup parameters.
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Tida pollutant buildup details

The first two edit boxes on the UM3 tidal pollutant buildup parameters panel are labeled
Channel width and Channel seg. length. The product of the channel width and the sum of the port
depth and port elevation should represent the cross-sectional area of the channel. The channel
segment length, on the other hand, is arbitrarily assigned. Its length, however, determines the
convergence of the computed background concentration on an optimally high value. VP provides
for amaximum of 200 internal array elements to store the accumulated concentration in cells that
previously passed over the discharge point. If the segment length islarge, only afew of these cells
will be used because the tidal excursion will be small relative to the size of the storage cells. This
will result in poor spatial resolution (input effluent will be averaged over large volumes). On the
other hand, if the segment length istoo small, 200 array elementswill not be sufficient to store the
information and thearray limitswill be exceeded. If thishappens UM 3 may stop running and alarger
length will need to be specified. Some experimentation will be necessary to determine a segment
length that is near the smallest value allowed. At the end of the run, VP outputs the number of
internal array cells used. The object of the optimization procedure is to maximize this value near
200, for example, 199 would be the most optimum value.

The Upstream direction edit box is used in conjunction with the Amb current vector
averaging setting (on the Model configuration panel) to help VP determine whether inputted
directions are net upstream or downstream. Here the value of vector averaging should be apparent.
For example, if flowsat two depthsare upstream and downstream respectively, directional averaging
(the default setting when ambient current vector averaging is not checked) would indicate a
cross-stream component to the direction!

The Coast bin (10-99) edit box identifies the position of the coastal bin aong the one-
dimensional tidal channel in which the buildup of background pollution is occurring. During the
simulation, on theflood, any bin that moves upstream through the coast bin hasits concentration set
to thevalue specified in the Coast concentration edit box. Thedischargeisawaysinitially assumed
tobelocatedinbin 100. The coastline bin number isdetermined by equati ng the downstream volume
to the product of the segment volume and the number of bins between the outfall and the coastline.
For example, if the total depth of the channel at the point of discharge is 10m, the channel widthis
100m, and the segment length is 100m, then each bin has a volume of 100,000m?. If the reference
volume of the estuary below the point of discharge is 5,000,000m? then the coast bin value would
be 50.

The Coastal concentration edit box isused to specify the background pollutant concentration
in the ocean, bay, or estuary to which the tidal channel connects.

The Mixing zone depth edit box identifies amixing zone "ceiling" at which an output may
be specified, i.e., a depth of interest in the water column at which estimates of concentration are
desired. When this criterion is reached, UM 3 outputs a message to that effect.

Additional model input panel

The Diffuser port contraction coefficient edit box is provided to specify the value of the
contraction coefficient for the discharge ports. The discharge coefficient of sharp-edged ports (a
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cylindricad hdein the diffuser pipe wall) is abou 0.61.For bell-shaped pats (flaring inward into
the diredion d flow), avalue of 1.0is usualy used.

The Light absorption coefficient edit box is provided for spedfying the light absorption
coefficient for the Mancini baderiamodel. Thisisthe mefficient k, foundin Mancini, 1978,that
describes water clarity. The default valueis 0.16.

TheFarfieldincrement control sthenumber of linesoutput by the Brooksfar-field al gorithm.
A small value produces more lines and graphic output than a large value. The value spedfied
depends on the size of the zone of mixing, bu, typicdly might be aaywhere from 100to 1000m.

The UM3 aspiration coefficient spedfiestherate & which ambient fluidisentrained into the
plume. The default value of 0.1is an average value that, historicdly spe&ing, was rarely changed
by users of DOS ALUMES. A large value caises more rapid plume spreading and aff eds other
charaderistics, like plumerise.

The PDS sfc. heat transfer radio group spedfies the surfacehea transfer rate used when
running the PDS surface discharge model. The available options are low, medium, and hgh
correspondng to low wind and high humidity conditions, “average” conditions, and to windy and
dry condtions respedively.

Text output settings panel

The Output mediumradio groupis used to spedfy whether output appeas onthetext output
tab or iswritten to afil e (the Output to file option). When thefile optionis sleded, the Output file
seledionlist box appeas. Clicking onit causes the Text Output File dialog window to appea that
alowsan inpu fileto be seleded or input. The default name is VP.txt.

The Selection List drop-down li st may be dicked to add a remove variablesfrom the output
variableslist shown inthe Selected Variableslist box. A click onavariable name adslike atoggle,
adding or removing a variable from the text output tab the next time amodel isrun. To add o
remove avariable, click the arow onthe Selection List list box to get the drop-down list and then
click onthe variable youwant included or removed from the output.

The UMS3 output each ?? steps edit box isused to control the frequency of UM 3 ouput. For
example, avalue of 100causes UM 3 to display output after 100 program steps, or full cycles. This
does nat affed output when spedal criteria ae met, like when the trapping level is readed.

The Maximum dilution reported edit box serves to limit the maximum number of UM3
program steps. It shoud be spedfied to be greder than the maximum dilution d concern,
furthermore, it shoud be large if model is configured to compute afar-field solution. It limits
computation when condtions do na inhibit plume behavior, for example, a plume in deep,
unstratified water.

The UM3 max vertical reversalsradio groupcontrolswherethe UM 3 simulationterminates.
With theto max rise or fall option UM 3 terminates uponreading maximum rise or maximum fall,
depending oninput condtions. With theto 2™ max rise or fall UM3 will runto the next maximum
rise or fall. Thisoptionisimportant when aplume still has grea potential for rising or falli ng upon
reading thefirst extremum. For example, a dense discharge discharged upwvard has not completed
the initial dilution processat maximum rise, as it will reverse its upward motion and accéerate
downward
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The UM3 text output format radio groupall ows aseledion d standard or brief output. Brief
output suppresses the writing of headers and input condtions.

The Close panel button hides the text output settings panel. This button serves to hide the
panel when it is made visible dter pressng the Output options button onthe Text output tab.

Graphics settings panel

The Styleradio groupsimply seledsthe graphic panel that is displayed whenever one dicks
onthegraphicd output tab. It determinesthe “default” graphic onthe graphicstab. Thisisbasicaly
the same Styleradio groupthat appeasnea theleft margin of the graphicstab, except that thelabels
are spelled ou.

The Custom graph coords. radio group and the Custom variables drop-down list work in
tandem to spedfy the output variables plotted onthe custom graphic. After one seleds Abscissa (),
the drop-down li st is used to spedfy the correspondng variableto be plotted onthe x-axis the next
time the model is run. The same is then dore for the left y-axis by first seleding Ordinate 1(y)
followed by spedfying the crrespondng variable from the drop-down list. The procedure is
repeaed for the right y-axis, first seleding Ordinate 2(y) followed by seleding the correspondng
variable.

When running multiple caesit is usually desirable to suppressall plotting except the runs
of interest. The Sart casefor graphsedit box isused to spedfy thefirst casethat will beplotted. The
Max detailed graphs edit box isused to spedfy how many additi onal cases are plotted starting with
the one spedfied above. These spedficaions apply to the 4-panel graph only.

NRFIELD/FRFIELD input variables panel

This pand is unfinished.
2.24 Text Output tab

Thistab presentsmodel output intext form, an exampleis shown onFigure2.10.Every time
amodel isrun, ead case, or row, from the Diffuser tab is given acase number starting with 1and
running conseautively through thelast case. In configurationswhere only one caeis ®leded (base
or seleded case) there will be output from only one cae, unlesstime-seriesfilesarelinkedinto VP,
inwhich casethere may bemany. TheModel Configuration panel and Special Settingstab influence
the text output significantly.

Several pants are noteworthy. The complete set of input values (from the Diffuser tab) are
only given for thefirst case, Case 1. Subsequent cases ow just the inpu values that are diff erent
fromthe previous case. When multi ple caesarerunthey arelabeled sequentialy (in Figure2.10two
individual runswererun,consequently, they areboth Case 1). For time-seriesruns, VP assgns case
numbersasit readsinpu values from thefil esandrunsthe wrrespondng condtions. It displaysthe
values read from the time-series files in the run header. Depending on the model used, VP flags
where plumes merge, are trapped, read the surface and read the chronic and aaute mixing zone
limits. The output can be saved to afile (spedfied onthe Special Settings tab) or printed using the
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print option on the File menu. When subsequent runs are made the case count isreset to one and text
output for these runs is appended to what is already in the text window. If previous output is ho
longer wanted, the Clear Display button may be clicked before making additional runs.

Diffuzer, Sadog Tase Aug 00.vpp.db ! Ambient: C:A\PlumeshSadog Tase dug 01.002.db ! Special Settings  Text Output I Graphical Output !

Clear + | Output options I Murnerical only |

# Windows UM3. 1-18-2001 4:17:59 PH
Case 1; ambient file C:“Plumes“Sadog Tase Aug 00.001 . db; Diffuser table record 1:

P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal

{in) (ft)  (deg) (deg) {1 (ft) (ft) {m) (ft)  (HGD)  (p=suj
3 3.a 0.0 0.0 6.0 19 .68 49.0  100.0 49.10 4.8 4.5
Froude number: 11 .64
Depth Amb-cur P-dia Polutnt Dilutn  ®-posn
Step (ft) (ms=) {in) (colsdl) 9] (ft)
0 49.10 0.0 6.0 17000.0 1.0 0.0
10a 47 .88 0.0 39,75 24342 6. 876 Bl
200 28.68 0.0 108.3 493 .4 33.81 185 -
248 0.501 0.0 188.3 190.5 87 .45 24 .81: surface.
Plumss not merged., Brooks method may be overly conservative.
Const Eddy Diffusivity. Farfield dispersion based on wastefield width of 15.04 m

conc  dilutn  width distnce time
{colsdl) (m} (m} {hrs) {ppb) {ly~hr) (no=)(mld 67-32)
Eg8.1978  218.8 51.%4 100.0  Z.5eB8 0.0 140.7 0.01 3.00E-4

count: 1

4:17:59 P, amb fills: 2
# Windows UM3. 1-18-2001 4:19:13 PM

Temp Polutnt
{C){colsdl)
30.0 17000.0

Casze 1; ambient file C:“Flumes“Sadog Tase Aug 01.002.db; Diffuser table record 1:

{in} (ft)

Froude nunber:
Depth Amb-cur

Step (£t (ms=)
] 49.10 0.0
100 48.09 0.08
200 33.08 0.08
238 22 .46 0.08

263 12 .4 0.08
Const Eddy Diffusivity.
conc  dilutn

50.1713
count: 1

197.7 56.

i’

P-dia P-elev V-angle H-angle
{deg)
6.0 3.n 0.0
11.54

4:19:13 PM. amb fills: 2

{deg} )
0.0 6.0
P-dia Polutnt
{in) [(colsdld
6.0 17000.0
37.36 0 23463
144 .8 3236
236.8 152 .3

3g1.2 92.74

time

(ft)
19 .68

Dilutn

1.0
7.131
51 55
109 .4
173.5

(m) (hre){col-dl)

100.0  0.474

Figure 2.10 Text Output tab.

0.0

(ft)
43.10

H-pD=n
(ft)
n.0;
P23
26.06;
36.27;
47 .98;

Farfield dispersion based on wastefield width of
width distnece
{col-sdl) (m) {lyshr)
425 .4

100.0

Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal

{m} (ft)  (HGD)  (psu)
43.10 4.8 4.5

nerging,
surfacs,
39.68 m

(mozi(ml . 67-22)
0.05 3.00E-4

Temp Polutnt
(C)i{colsdl)
30.0 17000.0

Usersfamiliar with UDKHDEN and PDS standard output will notice that the VP output for
these two modelsis abbreviated. However, the complete output issaved initsorigina format inthe
default directory. For DKHW, it is saved as DKHW.out. For PDSWin, it is PDS.out. These files
include output for al cases simulated during the run, they are deleted and re-written each time the
modelsarerun. If thisoutput isto be saved the output files should be renamed beforethe modelsare
runagain. Thisisof particular interest to usersinterested in surfacethermal plumessince PDS prints
out the area within surface isothermsin the PDS.out file.

2.25 Graphical Output tab

Thistab displays output in graphic form. A sample of the 4-panel style of graphical output
isgiveninFigure2.11. The Styleradio group on the Graphical Output or Special Settingstab isused
to select the style. There are four different styles of graphs:
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Figure 2.11 Graphical Output tab.

4-panel graphics

Horiz. Distance from Source (ft)

e e e -
0 10 20 30 40 50 6O VO &0 80 100

This graphic depicts plume and ambient properties of the chosen cases. The four graphs
include, from l€eft to right and top to bottom: (a) an elevation view looking horizontally through the
water column, (b) aplot showing the density of the plume and ambient as afunction of depth (this
ishelpful to observetrapping effects), (c) aplan view showing singleplumesinthenear field (before
merging) and the merged-plume width or waste-field width in the far field, and (d) a plot of
centerline and average dilution versus distance from the discharge (radial distance, or, more
precisely, distance along the length of the projection of the plumetrajectory on alevel surface). The
solid lines in the plan and elevation views plot the plume centerline, the dots either plot the
"absolute”" plume-ambient boundary or the average concentration boundary when Average plume
boundary is checked on the Model configuration checklist.

Dilution graphic
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Thisisasummary graphic of end-point dilution. End-point dilutions correspond to predicted
dilutions at specific criteria, notably at maximum rise, upon hitting the surface, and at the mixing
zone boundaries. The triangles represent the dilution at the acute and chronic mixing zones. The
rectangles represent the dilution at a hydrodynamic criterion, usually maximum rise or plume
surfacing, whichever comes first. The mass or volume dilution is plotted unless Graph effective
dilutionischecked on the Model configuration checklist and the effectivedilutionisplotted instead.
Theformer dilution describes the hydrodynamic mixing efficiency of the plume, the latter includes
the pollutant added to the plume by entrainment and describes the reduction in concentration
achieved within the plume. Thetwo dilutions are equival ent when the background concentration is
zero.

Concentration graphic

The concentration graphic is the inverse of the effective dilution graphic. It always depicts
pollutant conditions at end points (maximum rise, surface hit, mixing zone boundaries).

Custom graphic

This may be a summary graphic if the x-axis variable is Casecount or a detailed graphic if
the x-axis variableis any other variable besides Casecount. To select the custom graphic variables,
see the Graphics settings panel description in Section 2.2.3.

Series radio group

Color facilitates comparing model predictions. Two graph series may be selected, Series 1
or Series 2, corresponding to red or blue. Depending on the selection, values are plotted in one or
the other. The act of specifying a series automatically returns the user to the Diffuser tab sincethis
isthe most common place from which model runs are initiated.

Verify button

Verification data in x-y format can be superimposed on Visua Plumes predictions on the
Graphicstab. Clicking the "Verify" button opens afile dialogue window for locating and opening
previously created ASCII input files. An example of file input data excerpted from the Fan-Run-16
project verification file, Fanl16.txt, is:
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side view

0.0001 1.0145
0.0068 1.0157
0.0149 1.0158

0.0197 1.0161

0.0264 1.0159
density profile
17.30.0
25.21.0

Blank lineswill cause aspacebetween data (lifted pen). The key words (side, profil e, path,
dilution, effdil ution, concentration, and generic) shift plotting to the crrespondng graphic panel,
namely, the devation, censity profil e, plan view, and dl ution onthefour-panel graphs, and dlution,
concentration,andthe generic custom panels. Units shoud correspondto the oneschosenin Visua
Plumes.

Other controls

The remaining buttons give the user the aility to clea the screen, get help, seled other
graphic images (styles), or to apply VP’ s automatic scding function.

The Clear all buton cleas al graphics. The Clear 1a and Clear 1b butons clea the
centerlinegraphand dumeboundary graph d Series1 (red) respedively. The correspondng buttons
clea Series 2 (blue).

The Clear + button cleas all graphics and text.

The scding function (Scale button), applied individudly to ead style, is handy for
establishing graphic scdes that cgpture dl of the plotted pants. It works best onsingle runs.

TheToFilebutoncreaesbitmap fil esof al seven graphicsusingthe projea namefoll owed
by a graphic identifier and finally the bmp extension to buld the bitmap filenames. The graphic
identifiers aretrgj, prof, path, dl4, dl, con,and gen for the trajedory, water-column profile, path,
4-panel dil ution,summary dil ution, summary concentration,and custom graphicsrespedively. The
bitmaps can be brought into reports and aher applicaions and do nd include the surroundng
Windows material.

Asthey are bitmaps, the graphicsfil esthat are aeaed whenthe To File buttonisclicked are
memory intensive. Each fil e requires about 2Mbytes of memory. Consequently, it isrecommended
that these fil esare handed promptly, either deleted or saved onanother medium. Programs such as
Microsoft Paint may be used to convert these fil es to more condensed formats.

The bitmap files of the 4-panel graphics are re-scded by VP before they are saved. This
procedure improves the quality of the 4-panel graphics.
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Customizing graphics

Other means are available to customize the gpeaance of the graphs. For example, the
pasition of the graph may be dtered within a particular window (panning) by making aright click
with the mousein that window, hdding down the button and dragging the mouse. One can also | eft
doule click on the margins of a graph to display a window that contains various formatting
comporents and ogions. These options include dhanging the titles, setting the cordinate limits,
setting the badkgroundcolor, etc..

Zoom options are dso available. A left click on the mouse inside the graph foll owed by
holding down the buttonand d-agging themouse aeaesafenceor rubber bandthat establi shes new
zoom limits. Dragging from lower right to upper left returns the settings to the original values. As
(some of) the settings are maintained by VP in the projed list fil , it isagoodideato return to the
preferred appeaance before eiting VP.

Aswith ather comporents, aright click onagraph krings up a help screen.

Printing graphics

Graphs can be printed onagraphics printer by seleding Print from the Filemenu. They can
be copied by using the Alt-Print-Screen key sequence and pested into a graphics padkage or word
procesor of choice A control-V, ("V), key sequence is the quick way to peste. Of course, the
graphics bitmap fil es (seethe sedion on d@her-controls above) can also be processed and rinted.

2.3  Modd-specific panels and components

Hidden comporents

The user shoud be avarethat someof VP’ scomporentsare configuration dependent, which
means that they are nat aways visible. For example, the cmponents on the UM3 tidal pollutant
buildup parameters panel on the Special Settings tab are not visible unlessthe Tidal pollution
buildup optionischedked onthe Model Configuration chedkli st onthediffuser tab. Thesameistrue
for the Output file edit box onthe Text output settings panel on the Special Settings tab, whichis
only visible when the Output to file radio butonis sleded.

Changing labels

The labels on the diff user and ambient tables are simil ar, changing depending on the target
model which isidentified isidentified uncer the model logo onthe diffuser tab (PDS, UM3, etc.).

Other componrents change depending on context. Noteworthy is the save-fil e-as command
onthe File menu,which changes from Save project asto Save ambient file as depending onwhether
the oommand isisaed from the diff user or ambient tabs respedively.
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Displaying the Froude number and other parameters

Some components require user intervention before they are completed. For example, the
densimetric Foude number for aparticular caseisnot displayed correctly until the caseisestablished
by clicking ontheappropriatelinein thediffuser tableand until pressing the Parameter sfor selected
row button that also serves as alabel for the parameters panel.
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3 Entering Data

The How to proceed Window

When creating a project for the first time the How to proceed window appears to allow a
target model to be specified. Thisisdone so VP can identify the variables, or columns, required by
the target model. If one clicks on different models in succession, the column labels can be seen to
change as some of the columns go from showing alabel, like Timeincrement, to n/r for not required.
Once a model is accepted, the required columns can still change. For example, entering a value
greater than one for the number of portswill change the port spacing column label from n/r to Port
spacing. The model configuration options can have asimilar effect. Notice that the column labels
may change again if subsequently models other than the initial target model are run.

General datainput

General Windows editing conventions apply to VP. Thisincludes sel ecting and editing text
and numeric values. In the numeric tables some database program conventions apply as well. Fine
editing can be achieved by first selecting acell and then clicking a second timeto highlight only the
numeric portion. The cursor can then be used move about the value to edit it.

Experimentation is encouraged. With the cursor in atable row, the Ctl-Delete key sequence
will delete afull row of data. The Insert key will insert an empty row. Cutting and pasting in the
input tables is not presently supported.

3.1 Diffuser Tab

General considerations

In VP input focusesfirst on the diffuser and flow table (or, ssimply, the diffuser table) on the
Diffuser, Flow, Mixing Zone I nputs panel. However, it isuseful make notesin the Project memo box
and it is generally important to check the proper selections on the Model Configuration checklist,
the Case selection radio group, and other settings on the diffuser tab.

Onceamodd isspecified it isrecommended that the unitsare selected. The default unitsare
mainly Sl (generally MKS) units. They may be changed by clicking on the unit and selecting the
desired unit from the pop-up list of available units.

VP cannot run any model until al required values for the base case, consisting of one
completed row (thetop one) inthediffuser table, are provided. If al required values are not defined,
an error messagewill appear. The mouseand arrow and tab keys may be used to navigate the diffuser
table. Values may be typed in immediately upon entering acell, if avalue aready existsit will be
replaced by the new one. See the tutorials for more editing instructions.

Additional runs (on subsequent rows) inherit all the base caseinformation except valuesthat
are specifically changed in subsequent rows (except that the sequence is different when the All
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combinations option is selected). Pressing the down-arrow key when the cursor is located in the
bottom row of the diffuser table creates a new row.

10.
11.

12.

3.1.1 Diffuser tablevariables
The variables listed in the diffuser and flow table are as follows:

Port diameter: thisisthe port discharge diameter (abbreviated P. dia. onthe Text Output tab).
If PDSisthetarget model it islabeled Conduit width. On the Text Output tab, P. dia. should
beinterpreted to refer to the plume diameter, whichisequal to the port diameter at theorigin.
Conduit depth: this variable is required by PDS which assumes a rectangular surface
discharge. The column is not required by the other models.

Port elevation: this is the vertical distance between the port and the bottom of the water
body. This variable does not have amajor effect on model prediction and can sometimes be
changed to avoid related output messages.

Vertical angle: the discharge angle relative to the horizontal with zero being horizontal, 90
being vertically upward, and -90 being vertically downward.

Horizontal angle: the horizontal port discharge anglerelativeto the x-coordinate. Assuming
that the default units (deg) are used, zero isinthedirection of the x-coordinate (flow towards
the east) and 90 in the direction of the y-coordinate (flow towards the north). This default
coordinate system is essentially the scientific convention in which eastward corresponds to
the x-coordinate direction and anglesincrease counter-clockwise. An optional unitislabeled
N deg and conforms to the surveying standard in which north is zero and angles increase
clockwise. For PDS the horizontal angle is the discharge angle relative to the
x-coordinate.

Num of ports: the total number of equally spaced ports on the diffuser. If there are multiple
ports, they are all assumed to be on one side of the diffuser. Modeling opposing directions
generally requiresat | east two separate runs. For T-shaped riserswithtwo portson eachriser,
aconservative approximation is to assume all the ports are on one side of the diffuser with
the spacing equal to half the spacing between risers. (When running NRFIELD, which is
based on T-riser experiment, VP makes the necessary adjustments to this convention.)
Port spacing: the space between ports. This is assumed to be the same for all ports. This
variableisnot required unlessthe number of portsistwo or more. NRFIELD requiresat | east
four ports. See Item 6, above.

Sart time: thestarting timefor atime-seriesrun. (If therearelinked-intime-seriesfiles, time
= 0 isassumed to be the common origin for al files and runs.)

Ending time: the ending time for atime-series run.

Time increment: the time increment for atime-series run.

Acute mix zone: the distance to the acute mixing zonelimit or CMC. Output isflagged when
this distance is reached. When the Brooks far-field solution option is checked, the output
intermediate output distances are specified on the Special Settingstab.

Chronic mix zone: the distance to the chronic mixing zone limit or CCC. Output isflagged
when this distance is reached or when the plume reaches the surface. For PDS thislabel is
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13.

14.

15.

16.

17.

3.2

changed to Region of interest, and represents the distance along the plume centerline where
simulations are to stop.

Port depth: the distance from the surface to the port centerline. (This variableis optionally
atime-series variable.)

Effluent flow: the total volumetric flow from all ports. (This variable is optionally a
time-series variable.)

Effluent salinity (density): either the effluent salinity or density depending on the units
selected. Notethat the column label changeswhen unitsare changed from salinity to density.
Also, when converting from salinity to density units, or from density to salinity, the
temperature must be defined. (This variableis optionally atime-series variable.)

Effluent temperature: the effluent temperature. If salinity is selected in 15, above, VP
calculatesthe effluent density from the salinity and temperature. (Thisvariableisoptionally
atime-series variable.)

Effluent conc: the concentration of the pollutant of concern, or tracer, in the effluent. (This
variable is optionally atime-series variable.)

Ambient Tab

Concerning datainput to the ambient table, it is emphasized again that only thefirst column

in this table must contain values in each indicated row, which must not number less than two. All
the other required columns must contain at least one value (to define a value for that variable),
however, it is recommended that these values only be specified at the depths at which they were
measured. Cellsin the column corresponding to depthsat which the given variabl e was not measured
should be l€eft blank. If no measurements are available the data may be synthesized. In that case, if
the variableisto be held constant, only a single value need be input in the column, which can bein
any row with a specified depth.

All variables on the ambient table with the exception of the first column are optionally

time-series variables.

3.21 Ambient tablevariables
The variables listed in the ambient table are as follows:

Measurement depth or height: This column holds the data at which water column
measurements are available, generally depth bel ow the surface but they can also be heights
abovethe port. If dataare measured at only one depth, asecond depth must still be specified.
If data are synthesized, i.e., data are assumed or inferred but not actually measured, at |east
two depths must be specified in the column, even though the other columns may contain only
one value. A depth specifying the bottom will assure that ambient density is plotted to that
depth on the density stratification profile graphic and that extrapolation, if ordered, is
performed. An arbitrary number of rows may be specified but VP runsmore slowly the more
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N

10.

depths are used and more than 20 depths are not recommended due to the size of theinternal
ambient array.

Current speed: the speed of the current at the specified depth.

Current direction: the direction of the current at the specified depth. For angle conventions
see the discussion of the horizontal anglein the Diffuser table variables section above.
Ambient salinity (density): either the effluent salinity or density depending on the units
selected. Notethat the column label changeswhen unitsare changed from salinity to density.
Also, when converting from salinity to density units, or from density to salinity, the
temperature must be defined.

Ambient temperature: the ambient temperature. If sainity is selected in 4, above, VP
calculates the effluent density from the salinity and temperature.

Background concentration: the concentration of the pollutant of concern, or tracer, in the
ambient water column at depth.

Pollutant decay rate (solar radn): Like salinity and density, thisis amulti-purpose column.
Decay rate is indicated on the header when the top three units (per sec, s*; per day, d*; or
T90hr) are selected. Asan aternative, aselection of the ly/hr (langleys/hr) unit invokes the
Mancini model (1978) for calculating decay rate and changes the header to Pollutant solar
radn. Themodel isafour stressor model including salinity, temperature, water column light
absorption, and solar radiation.

Far-field current speed: the average speed of the current over the time period required for
the plume element to travel from source to receptor site. If the receptor site is nearby, the
value of this variable can be often assumed to be the same as Current speed, however, it
should not be zero asthiswill imply infinite travel time and cause an error.

Far-field current direction: the direction of the current over the time period required for the
plume element to travel from source to receptor site. For angle conventions see the
discussion of the horizontal angle in the Diffuser table variables section above.

Far-field diffusion coeff: This is the diffusion coefficient used by the Brooks far-field
algorithm. A generally conservative default value is considered to be 0.0003m?3s?. Two
solutions are offered, the 4/3 Power Law and the Constant Eddy Diffusion algorithm, the
former for open water and a more restrictive one for inland channelized waters. The 4/3
Power Law solution isoutput when the 4/3Eddy variableis placed on the Selected Variables
list on the Special Settings tab, otherwise the more conservative solution is output. The
coefficient affects only horizontal dispersion, vertical dispersion is assumed to be much
smaller.

3.2.2 Creating Ambient tables

For creating additional ambient tables refer to the sub-section titled Creating additional

ambient tablesin Section 2.2.2.

When multiple ambient files are linked into a project, as is apparent by the presence of

multiple filenames in the ambient file list maintained on the diffuser and ambient tabs, it is useful
to remember how to accessthe other files. Clicking on the desired file namein one of thelists closes
the current ambient file and opens the newly selected one. When the Base or selected case radio
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buttonis pressed, the model will runthat case with the anbient conditi ons contained in the aurrent
ambient database fil e.

3.3 Database Files

Datainthediff user andambient tablesare storedin database binary format. Thefil es, beaing
the db extension, are compatible with Paradox and aher database gplicdions, in which the
archetypal files were set up. If they are manipulated ouside of VP, ore shoud be avare that ead
closed dbfileis headed by several rows of data that represent units and aher information. If these
are changed inadvertently or are lost in a wmputer crash there generally will not be lossof data.
Informationon untsisalso storedintheprojed list file (beaing thelst extension) that VP maintains
uponexiting a projed, so that, even after a aash, VP can usually re-establi sh the crred database
table information. The signs for this problem are usually clea, an abnamal termination and are-
establi shment of the default units, however, bugs may exist that would obscure the problem. If VP
infers the wrong units the Label only radio buton may be seleded to corred unit labels withou
affeding the values in the mlumn. Once ompleted, the Convert data radio buton shoud be re-
seleded. The Reset diffuser headers and Reset ambient headers comments are avail able onthe Edit
menufor the raretimesthat data crruption hes occurred and dff user and ambient labels can bere-
establi shed.

The same mmments apply to the anbient table.

34 Files and Filename Conventions

Projed files

A Visua Plumes projed consists of asingle diffuser database fil e (abinary file with the db
extension), oneor more ambient databasefil es (a so with thedbextension), and,a “list” filebeaing
alst extension.If alist filefor adiffuser projed fileisnot found,VP creaesone. Thelist file stores
information on the way the projed was last modified, for example, many customized graphics
settings are stored in thelist file.

Optiondly, aVP projed may haveoneor moretime-seriesfil esassociated withit. Thesefil es
have variable extensions associated with them than indicate the kind o data that they store, for
example, file TreamentPlant.flo would be aproper name for atime-seriesfile containing flow data
(seethe sedion entitled “ Example time-series fil enames’ below).

VP aso creaesafile cdled VPsetup. Thisfileisused to store the name and peth of the last
projed accessed by the user.
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Filename conventions

The diffuser database filename consists of project name followed by the extension .vpp.db.
Given the filename VP plume 1.vpp.db, VP plume 1 isthe project name, vpp isan abbreviation for
Visual Plumes Project, and db is a standard extension for a database file.

In compl eting the project file-creation process, V Pautomatically createstwo additional files.
Thefirst appears on the Ambient tab consisting of the project name followed yyy.db, whereyyy is
a unique numerical code like 001, 002, etc.. This file may be used as a template for additional
ambient filesidentified by different numerical constants.

The numeralsmay be used by VPto place aseries of ambient fileson the Ambient list tables.
By right-clicking on the ambient filelist, VP is able to automatically attach ambient files using yyy
as a counter. The same project name is generally recommended for both ambient and diffuser
time-series. However, sometimes it is handy to reuse files from other projects and VP does allow
ambient files from other projects to be listed.

The time-series filename suffix (or extension) is unique to each variable. Given that the
numeric extension yyy is 001, project time series files might have might be named as follows:

Example time-series filenames

Project name.dep Port depth

Project name.flo Effluent flow

Project name.sal Effluent salinity

Project name.tem Effluent temperature

Project name.pol Effluent pollution concentration
Project name.001.spd Current speed at the diffuser

Project name.001.dir Current direction

Project name.001.sal Ambient salinity

Project name.001.tem Ambient temperature

Project name.001.pol Background (ambient pollutant) concentration
Project name.001.rat Pollutant decay rate (or solar radiation)
Project name.001.far Far-field current speed

Project name.001.fad Far-field current direction

Project name.001.dis Far-field diffusion coefficient
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4 Introductory Tutorial

4.1  Important mixing zone modeling terms and concepts

QOutfalls and diffusers, plumes and jets

Waste water is discharged through a myriad of outfall structures that can differ in many
respects. However, all waste streamsthat are discharged from outfalls share this basic property: in
operation all form asingle or multiple streamsthat can be distinguished from the ambient receiving
water by some physical properties, notably by a velocity that differs from the ambient current and
by the concentration of one or several properties, except in the degenerative case in which outfall
velocity and current velocity and concentration of properties are perfectly matched.

Schematic views of outfall and diffusers

Figure 10a.
The outfall turrel is
bored through bedrock, and
the diffuser section of the outfall is
located along the final 1.25 miles of the
structure.

Figure 4.1 A schematic of the Boston outfall tunnel beneath Massachusetts Bay. (M assachusetts
Water Resources Authority [MWRA], 2000)

A general appreciation of an outfall can be obtai ned from schematic drawingsof therecently
completed Boston outfall. Thisoutfall consistsof a 15km tunnel bored through bedrock (Figure4.1)
designed to carry treated waste water ranging up to 44m°s* (1000M GD) from land-based collection
and treatment facilitiesto a distant location in Massachusetts Bay. The outfall tunnel terminatesin
adiffuser section consisting of over 50 risers, or vertical shafts (Figure 4.2). Finally, each vertical
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shaft is capped by a turret that has eight discharge ports
spaced evenly around its circumference (Fig.
4.3). When operating as intended, the fluid discharging
from any given port forms a jet or plume that mixes with
the ambient water, yielding the dilution that the outfall is
designed to facilitate.

The building block of amixing zone analysis

A plume from one of the single portsin Figure 4.3
may then be seen to be a representative example of an
effluent discharge. Whilethe port isround in cross section,
other discharge cross sections could berectangul ar, likethe
cooling canal of a power plant, or ragged, like a natural
stream discharging to a larger water body. In fact, if the
densimetric Froude number of one of the plumesin Figure
4.3 were less than unity (< 1.0), then the fluid would be so
buoyant that it would rise to the top of the discharge port
and have an dlliptical cross section. In this case ambient
water may actually flow into the outfall under the plume,
causing an effect in seawater known as saltwater intrusion,
which can cause various problemsin outfalls. Rubber flex
valves that open up with increased flow have been

lk"‘lll"“‘lll“'

Figure 10b. Tre 55 rsers carry effluent
from the deep rock outfall tunnel up o the
diffuser beads at the seafloor,

devel oped to increase the Froude number by reducing the Figure 4.2 Outfall riser (MWRA,
port cross-sectional areain low flow situations. They also 2000)

prevent the backflow of saltwater by acting as a check-
valve.

A vertical discharge with Froude
number less than one may briefly decrease
inradius. Inweak current the plumewould
have an hour glass shape.

As can be seen in Figure 4.1,
multiple plumes are subject to complex
behavior; they interact, or merge. Still, a
singleport (stream, conduit, seep, etc.) and
its plume are the building blocks of any
mixing zone analysis.

-
-

Diffuser head

Figure 10c. The diffuser heads each dis-
perse the effluent through eight ports.

Figure 4.3 Turret with multiple ports (MWRA, 2000)
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Entrainment and dilution

The process of mixing ambient fluid into the plume is called entrainment. The dilution
process and entrainment are essentially synonymous. An understanding for thedriving forcefor this
mechanism may be obtained by studying the turbulence material on the Visual Plumes CD.

Pure jets are concentrated streams of fluid flow that possess no buoyancy, i.e., their density
isthe same as that of the ambient fluid. They are momentum jets. Pure plumes, on the other hand,
initially possessonly buoyancy. M ost wastewater di scharges possess both momentum and buoyancy.
Movement through the water column, often in combination density stratification and sometimesthe
with nascent density effect, can lead to plume buoyancy in portions of the plume trajectory where
no buoyancy exists at the source.

Effective dilution

Outfallsrarely carry pureproduct. Generally awastewater stream consistsprimarily of water,
the carrier fluid, which contains undesirable constituents, the pollutants. Traditionally, the dilution
process focuses on the mixing of the carrier fluid with the ambient fluid, usually water mixing with
water. However, in recent years it has been recognized that what is most important is what
concentrations of pollutants exist in the receiving water after the dilution process has terminated. If
both effluent and ambient waters contain pollutants the dilution ability is reduced until it becomes
zero when the ambient water pollutant level is at or greater than the water quality standard. This
concern is a the heart of the Total Maximum Daily Loading (TMDL) determinations. When
modeling a discharge to abody of water one also would want to consider other pollutant discharges
and possibly mixing zones in that water body, whether or not the other mixing zones coincide with
the mixing zone being model ed.

The effective dilution (Baumgartner, Frick, and Roberts, 1994) addressed this concern by
introducing the concept of effective dilution, which measures not the dilution of the carrier fluid but
the dilution of the pollutant. The effective dilution is the ratio of the effluent concentration to the
concentration of the plume at the point of concern, like the mixing zone boundary. The effective
dilution implies a rigorous, total mass balance of the pollutant, providing that the background
pollution concentration in the receiving water is accurately described (refer to the next section on
how modeling assumptions affect the estimation of effectivedilution). It may be possiblethat plume
models, such as UM3, in conjunction with field data that accurately describe background
concentrationsinthevicinity of the outfall, may be used to satisfy some or many of the requirements
of the simpler TMDLSs.

The plume element

One may imagine that a control volume, or plume element, can be established that wraps
around and cuts through the plume, defined by the plume surface and by two cross-sectional dlices
through the plume. If plumeswere cylindrical in shape the plume element might be compared to the
shape of atuna can. However, generally plumes bend in the current or from the effect of buoyancy
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and they tend to grow in diameter. Therefore, amore general conception of the plume elementisa
wedge-shaped portion of abent cone.

For mathematical modeling purposes the length of the plume element is small but the
diameter can grow to be comparable to the depth of the water column. The plume element isa sort
of mathematical hybrid. This hasimportant implications on estimating effective dilution when the
background concentration is stratified, which might occur if the background is produced by other
sources in the area. Some plume models, like UM 3, assume that the concentration of the entrained
fluid at any point along thetragjectory is defined at the depth of the center of the round cross-section
of the plume element. However, often most of the entrainment occurs along the upstream surface of
the plume element, which will generally be at different depths. Sometimes, the only way to
accurately estimate effectivedilutionisto ater the background concentration profilesto compensate
for knowledge about where the entrainment surfaces are in the water column.

4.1.1 Propertiesthat affect entrainment

The plumeissuing from any given port in Figure 4.3 may be considered to be a prototype of
all effluent discharges. Even though this one port is only one of hundreds belonging to the outfall
diffuser, and many diffusers are simply straight pipeswith holesdrilled in the sides, and outfallsare
natural channels, the behavior and properties of its plume are representative of this collection of
plumes and other discharges.

Diffuser properties that affect entrainment

Figures 4.1 to 4.3 suggest that specific diffuser and ambient properties act to enhance or
inhibit dilution. The diameter of the port affectsthe effluent vel ocity and the surfaceto volumeratio
of any isolated plume. Similarly, the orientation of the port modifiesthe plumetrajectory which may
enhance dilution by lengthening the travel distance. The depth of dischargewill have similar effect.
Other less obviousfactors contributeto enhancing entrainment, i ncluding the spacing between ports.
Thelarger the spacing the greater the path over which plumes do not interact, increasing the surface
area over which clean water can cross the plume surface.

Some port properties, notably the horizontal angle, affect plume behavior and entrainment
by changing the orientation of the plume to the ambient conditions.

Ambient properties that affect entrainment

Just asdiffuser propertiesaffect entrainment, it iseasy to seethat ambient propertiesdo al so.
High current speeds deliver more ambient fluid to the surface of the plume and can act to increase
the shear between plume and ambient fluid that contributesto the production of turbulence that will
directly affect dilution. The current direction, like the port orientation, can affect the path of the
plume through the ambient fluid and hence the exposure the plume has to the ambient fluid.

While current can be seen to act directly on the plume surface, thereby enhancing
entrainment, the effects of density stratification are less obvious. Often jetsand plumeswill have or
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will acquireavertical component of motion. For example, abuoyant plume discharged horizontally
will beginto accel erate vertically and bend upward. Thedensity of the plume el ement will frequently
differ from the ambient fluid at that depth. The entrainment process will tend to equilibrate the
densities. If the ambient fluid is not density stratified the plume will asymptotically approach the
density of theambient fluid, without ever quite attaining the samevalue. Hence, in unstratified fluid
the plume will tend to rise or sink, depending on its density, until it reaches the surface or the
bottom.

If the ambient fluid is density stratified, then the plume element can come to density
equilibrium at some intermediate depth in the water column, not at the surface or the bottom. This
is called the trapping or trap level. For example, a buoyant plume discharged near the bottom will
generally rise and gradually approach the density of the receiving water. Supposeit has acquired an
average density of o at some depth z, then, since the fluid is density stratified, it can be seen that
at a shalower depth, to which the plume element is rising, the density will be less than p .
Conseguently, the plume can pass through a trapping level and change its buoyancy, going from
positively to negatively buoyant. The plumewill then sometimesundergo awavelike (Brunt-V aisal a)
oscillation, passing repeatedly through the trapping level.

Salinity and temperature are important state variables (state referring to the condition of the
fluid, asin equation of statethat determinesthe density of water). Thus salinity and temperature are
two important variables that affect plume buoyancy. The non-linearity of the equation of state can
cause unusual density effects, including double diffusion and nascent density effects. Fresh water
near the freezing temperature and salt water brines are two fluids that can reverse their buoyancy
during the entrainment process. For this reason, it is sometimes important that models using linear
equations of state are not used for some plume applications.

Theleve of turbulenceintheambient can al so enhance entrainment, especially after the self-
generated turbulence within the plume has dissipated due to loss of plume kinetic energy (or high
velocity) through the entrainment process.

Effluent properties that affect entrainment

Effluent properties that affect entrainment include salinity and density, as these determine
the density of the plume element. Another obvious effluent property that affect entrainment is the
flow rateitself. Generally speaking, the morefluid isforced through agiven port the less diluted the
effluent will become. However, unusual combinationsof flow, current, and density stratification can
sometimes cause conditions that will cause higher flow plumesto penetrate into unstratified layers
where dilution will proceed without hindrance.

4.1.2 Propertiesthat affect effective dilution
Some properties are not important to the hydrodynamics of the plumes and the dynamics of
mixingand dilution per se, but still affect the concentration of the pollutant, in other words, they help

determinethe effectivedilution. It is useful to remember that the effective dilution istheratio of the
effluent concentration to the plume concentration, whether average or centerline values, at a point
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of interest, often a point on the mixing zone boundary. The effective dilution is atrue indicator of
pollution concentration in terms relative to the effluent concentration.

Effluent and ambient pollutant concentration

The most obvious property that controls the final concentration in the plume element isthe
effluent concentration. Using UM3 as an example, the plume element concentration is a linear
function of the effluent concentration. Anincrease in the latter resultsin aproportional increasein
the plume element concentration.

It may be less obvious that the ambient concentration affects the effective dilution. The
entrainment process mixes ambient carrier fluid into the plume. With the carrier fluid comes any
pollutant massthat iscontained withinit. Inthefina analysis, entrainment of polluted ambient fluid
islike an additional contribution of pollutant to the effluent flow. Its effect on determining plume
pollutant concentration is not as simple. The ambient concentration acts morelike afloor for plume
concentration. Thus, if the effluent concentration is 100ppm and the ambient concentrationis 1ppm,
no matter how much the carrier fluid isdiluted by ambient fluid, the concentration in the plume will
never fall below 1ppm and alimit on the effective dilution will be 100.

Mixing zone boundaries and other variables

The distance to the mixing zone boundary will also modify the effective dilution. Variables
such asstart time used with time-seriesinput affectsit by determining theinputs at the specifictimes
of interest.

Finally, the pollutant decay rate and far-field current help determine the effective dilution.
The decay of non-conservative pollutants occurs independently of the hydrodynamic mixing
processes in the plume. Pollutant decay is afunction of time. Changing the units on the pollutant
decay column to langleys per hour causes VP to cal cul ate decay rate based on solar insolation, light
absorption, salinity, and temperature.

Thefar-field current affects plume concentration indirectly. Mixing zone modeling focuses
inherently on concentrationsmeasured or predicted at distancesmeasured rel ativetotheir orientation
to the source. These distances and the far-field current are used to estimate the travel time between
source and receptor site.

4.1.3 Thedilution and ambient tables as property repositories
Most of the diffuser, effluent, and ambient properties that affect entrainment and effective
dilution have acolumn devoted to them in either the diffuser or ambient tables. Thesetables arethe

primary placefor inputting the datathat are essential to simulate the plumesthat factor into amixing
zone analysis.
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42  TheOne-port example

Thisexample demonstrateshow to set upVisual Plumesandto useit to analyze asingle port
plume simulation. It is highly recommended that the user runs VP whil e reading this tutorial .

4.2.1 Startingand exploring VP

Starting VP

The Visual CD has a subdredory cdled “Visual Plumes (VP) Setup’ that contains an
exeautable program cdled setup.exe that can be run to install VP. The default options, that are
recommended, will establi sh the softwarein thetarget subdredory cdl ed c:\plumes (or other drive
or diredory). Of course, the default name, Walter Frick, and company, USEPA, shoud bereplaced
by your own name and business | f case of problemssend email to frick.walter @epa.gov. For more,
seethe subsedion entitled “What happens when things go wrong?’ below.

After setup is complete, an examination d the plumes subdredory will reved severa
applicaions programs including Plumes.exe. This is Visual Plumes which can be renamed if
desired to VP or anything else. Other filesinclude anumber of prepared examples, this sngle-port
example is nat one of them. Doule dicking Plumes.exe exeautes VP. An introductory message
appeasthat gives smeinformation, most importantly, it identifiesthe Windows sttingsfor which
VP isdesigned.

Becausethefile Vpsetupisnot one of theinstal ed fil es, VPisunableto establi sh aprevious
projed, thereforeit creaes one. The next adionisto reved the How to proceed window (Fig. 2.2
which is used to define the target model, the default is UM 3. As the windov sometimes appeas
between projeds, there aetwo columns from which to chocse the target model. If chasen from the
first column, a dick will clea any graphics andtext output that isleft over from aprevious run.In
this way output from separate projeds can be discarded or retained.

Notethat by cli cking onthe diff erent model sbefore exiti ng the How to proceed window will
show that the seledion aff eds the headers on the diff user table. This happens becaiuse diff erent
models require diff erent inpus.

Tab identifiers

A glance 4 the diffuser tab at the top d the screen shoud show the name of the file “VP
plume 0.vpp.dl, Figure 4.4. This is the default name that VP credes the first time aprojed is
started. If afile by that name existed, VP would increment the zero to ore, and so forth, urtil a
unique projed nameisfound.The extension vppidentifiesthefile asa VP diffuser projed file and
the extension dbis areminder that thisis a binary database file. Noticethat the projed path and
filename aso appear in the Project box, withou the extensions, and in the time-series “borrow”
boxes on the diff user and ambient tabs.

¢ Diffuser: ¥F plume 0.vpp.db i Ambient: c:hplumesiWF plume 0.007.db l Special Settings | Teut Output ! [Graphical Output | Surface Digcharge Model I

Figure 4.4 The VP tabs. Each entire tab page is often itself referred to as atab.
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Similarly, the ambient tab shoud show the name of the file “VP plume 0.001db". Thisis
also adefault name. The threeletter numeric sequenceis useful when several ambient fil es belong
to the same projed. Noticethat the anbient file name dso appeasin the Ambient filelist edit box,
where, eventualy, it could be one of many fil enames.

Changing the projed name

It isagoodideato give projeds meaningful names. This can be dore by picking the Save
project ascommand df the File menu and typing the projed name “One port” into the eit li ne of
the Save Project File as dialog window that appeas. The original projed fileswill not be eased in
therenaming. They can bediscarded through thequitti ng-time Pre-exit: FileEditing Dialog Window
or from adiredory management applicaion, like Windows Explorer.

Exploring Visua Plumes

Before entering data it is instructive to look ower the interfaceand to click onthe separate
menus and tabs. Except for default values, the VP tabs are dfedively blank.

On the diffuser tab, it is instructive to nae the “configuration” radio-button groups and
chedlist at the upper right quadrant of the diff user tab. Click onthe gpropriateitems such that VP
will jump to the Graphicd Output tab after running one of the models, the Units Conversion
seledionisConvert data, nospedal optionsare cdheded, and Case selection radio groupshowsthat
VPis st upto runthe base or a seleded case when amode is picked to run.

The modd iconisthe samefor ead model; the text below it showsthe target model that is
seleded. The default model is UM 3. The Parameters for selected row panel in the lower left hand
guadrant statesthereisone port andidentifiesthe cae number (1). Thereferenced caseisidentified
by atriangle (») to theleft of thefirst row inthediffuser table. Thisfirst row, row 1,isthe base case.
Close examination reveds that the label Parameters for selected row is on a button. Provided the
first rowisfill edin,apressof thebuttonwill cdculatethreeimportant parameters, the (densimetric)
Froude number, effluent density, and pat velocity.

The Special Settingstabisalsoimportant. Simil ar to the mlumnsonthediff user andambient
tabs that show “n/r” when avariable is not neaded by the target model, some of the information on
thistab is hidden to reduce @nfusion. In particular, the UM3 tidal pollutant buildup parameters
pand is blank. Its comporents only appea when the Tidal pollution buildup optionis chedked on
the diffuser tab’s Model Configuration chedlist. Similarly, the dialog box that appeas when the
Output to file radio butonis pressed ishidden when output isto the cnsole (in ather words, to the
Text Output tab).

Alsoimportant isthe Selected Variableslist, which showsthe variablesthat are aurrently on
the“output-variables’ list. Thedrop-down li st immediately to itsleft may be used to placevariables
onthelist or to remove them. The default li st includes the “P-dia”, which shoud be interpreted to
bethe port diameter at the point of origin andthe plumediameter at subsequent simulationintervals.
Finaly, the default value of the Diffuser port contraction coefficient edit box is 1; this corresponds
to adischargethat is shaped by a bell-shaped arificeso that the port diameter closely approximates
theinitial plume diameter. Thereisnovena contracta effed. A value of 0.61representsadischarge
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from aknife-edged port in which the vena contracta effect is pronounced; the minimum area of the
plume cross section is 0.61 times the area of the port.

Theremaining tabs are basically blank. It may be worthwhile to push the Syle radio buttons
on the Graphical Output tab to get an ideafor the graphics that are available. The cus abbreviation
identifiesthe panel that can be customized on the Special Settingstab, in amanner similar to adding
variables to the output variables list.

Context-sensitive help

Most components on theinterface have hel p topi cs associated with them which arerevealed
by placing the cursor over the component and clicking the right mouse button. The statusline at the
bottom of the application is also a useful source of information. The context-sensitive help is not
fully updated as of thiswriting and may differ somewhat from theinformation provided herein. The
help topic in Figure 4.5 is obtained by right clicking on the ambient table, selecting Help from the
popup menu, and clicking on the Far-field diffusion coefficient hypertext topic.

v wispdelphi =] 3
Eile Edit Bookmark Optionz Help
Help T opics Back Print 49 3

Far-field diffusion coefficient ﬂ

g A coeficient used in the far-field algarithm.

More: This coeficient iz used in Brooks far-field equation which predicts effective
dilution in the far-field plume.

o =< o/bd/3

where

o= the far-field diffusion coefficient

b= width of the plume field at the end of initial dilution

t= the time of travel fram the point of the end of initial dilution to the point of interest

For coastal areas of known high energy dissipation features, or in many
geographical areas at certain times of the year, & may have a value as high as
0.0005 m 2f3/sec. In less turbulent situations o may be as low as 0.0007
m2/3fsec, thus the user has many aptions to employ in generating more ar less
canservative estimates of far-field dilution. Small values of & yield the most
canservative estimates of far-field dilution. |

Figure 4.5 Help topic one the far-field diffusion coefficient.
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Exiting VP

Before beginning the one-port exampleproblem, it isinstructiveto exit andre-enter VP. One
exits by choosing the Exit command from the File menu (or the Windows X). Before shutting down
VP displays the Pre-exit: File Editing Dialogue Window. Choasing either the Close or Cancel
buttons terminate VP. The <enter> keystroke (carriage return) does the samething. The purpaose of
the dialogue window isto provide an oppatunity to dspose of unwanted files. Thiscan be dore by
seleaing files for disposal followed by pressng the <delete>key. The Files of type pul-down list
provides additional extensionfiltersto help selea diff erent filesfor disposal. The dialoguewindow
isa amnvenient way to dispose of the default fil es that were aeaed before they were renamed.

At of thiswriting, arenaming of the Open buttonto Close has been ursuccessul. Simil arly,
the Cancel remains even though its function also closes the gplication.

NOTE: VP Version 1.0and abowe has an Exit without saving option.

4.2.2 Problem description

Thisexample might represent ascreening, or preliminary, test used to determine whether or
not the discharge is likely to exceal water quality criteria. Based onthe findings a dedsion to
conduct further analysis may be made.

Effluent variables

Theexamplefor thistutorial isasingle-port dischargeto coastal marinerecavingwater. This
is a relatively small discharge of only 0.05MGD (million gallons per day). The depth of the
discharge below Mean Lower Low Water (MLLW) is49m. Theinfluenceof tidesisignored. The
effluent is“fresh” at atemperature of 25C. The pall utant is conservative, which meansit does not
decay withtime. It could be ametal, in any casg, it isdischarged at a @mncentration d 100ppm. Note
that these parameters are shown below the green healers on the diff user table.

Diffuser and mixing zone variables

The oufall consists of apipethat terminates at a pipe-end pat 5cm, or 0.05m, in dameter.
The port isdireded upvard slightly at an angle of 20deg, perhapsto prevent scouring of the bottom.
The pipe pointstowards the north, in the diredion d the prevaili ng current, andis one meter above
the battom at the orifice (The height abowve the bottom isaminor variable that is often estimated.)
Asit isasimple pipe opening, thereis only one port.

Two mixing zones are established for the padlutant, one & 10m and the other at 100m,
correspondng totheboundrieswhere aaite andchronic aiteriamet, respedively. Themixing zone
isdefined asa drcle aoundthe end d the outfall pipe. Most of theinput is shown in Figure 4.6.
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Ambient condtions

Asisexplained abowe, thisis adischarge to marine water. It is presumed that condti ons of
concern are well represented by average anditions (one scenario). The arrent isin the northward
diredion, which meansthat the flow istowards the north. The arrent speed, passbly representing
the 10" percentile airrent, is 10cm/sec. The sdinity is typicd of ocean water at 33psu (psu is an
abbreviationfor Pradicd Salinity Unitswhichisessentiall y identicd to partsper thousand, a 0/00).
The anbient temperature is 15C and the badground pdl utant concentrationis zero.

Diffuser, Flow, Mixng Zone Inputs

ni

Part
diameter

Part
elevation

Har
angle

Chronic. |Part |Effluent |Effluent |Effluent |Effluent
miv zone |[depth  [fow  |saliibylf] [tEmp |conc

pu|C katkg
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Mk 20ne
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Figure 4.6 Projed diffuser table with pat depth and eff luent concentration still undefined.

4.2.3 Inputting the data

The diffuser table Wertical  |Hor MHurof  |n
angle angle porks
For inpu parameters given in the primary units (mostly SI, or " deg |M-deg | v
MKS, units) in the problem description above, Figure 4.6 shows 20 a 1

diffuser (yellow, left) and flow inpu (green, right). The numericd
valuesare simply typed into the cédl susing the <tab> key to movefrom
cdl to cdl. Columns showing the “n/r” label are |eft blank.

The primary unitfor horizontal angleisdegrees, usingthescientific conventioninwhich zero
degrees is to the eat and the angle increases in the cournterclockwise sense, thus north is 90deg.
Clicking onthe abreviation“deg” in the Hor angle column reveds four options for angular units:
deg, rad, N-deg, N-rad, correspondng to degrees (scientific), radians (scientific), degrees (beaing,
surveying convention, measured clockwise from the north), and radians (beaing). Seleding the N-
deg unit causes VP to convert to the surveying convention, as sownin Figure 4.7.

The foregoing unit conversion exercise demonstrates the way units are seleded in VP. To
cortinue, return the horizontal angle unit badk to its original value and change the dfluent flow and
effluent concentration urits to MGD and ppm respedively. After entering the gpropriate values
from the problem description above the diff user table shoud look likethe onein Figure 4.8. Asfar
asthe diffuser table is concerned, the “base cae” is completely defined.

Figure 4.7 Beaing units.
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Diffuser, Flow, Mixing Zone Inputs

Part nér Pat  |Verical |Hor Numof |ndr nér ni ner deute | Chronic | Port Effluent |Effluent |Effluent |Effluent
diameter glevation |angle  [angle  |ports mix zone |mix zone [depth {flow saliniy*) |temp  |conc
. Im m m deg N-deg m 8 g g m m m Pl E P
10 100 o 003 0 &5 1IJEI|

’l‘ 005 1w 0 i

Figure 4.8 Completed diffuser table with user-specified units MGD and ppm.

Documenting the project

It is usualy a good idea to write
meaningful notes in the project memo edit box
found in the upper left quadrant of the diffuser

tab. Figure 4.9 shows an example.

The ambient table

The ambient table requires

Project |C:\Plumes\0ne port

Froject "C\Plumes\One port” memol
A single port, ocean discharge

no amnbient stratfication

T3 was specified as the inttial model

only one |NEFIELD requires at least 4 ports

change of units in the concentration column (to Fi :
. . . igure 4.9 Project notes.
ppm), to be compatible with the diffuser table. g J

utits on concentration changed to ppm and flow to MGD
Cotnpatible models: T3, DEHW, Brooks far-fleld solution
Incompatible models: PDS iz for surface discharges,

Aimbient fle st
Fileriame

|Dne-Purt.DD1.db1 1

Figure 4.10 The completed ambient table for the one-port project.

Ambient Inputs

Measurement | Cument Cument Ambient Ambient Backaround | Pallutant il i Farfigld

depth or height] speed direction sality bemperature | concentration | decay ratel*] diffusion coeff
Depth o Height depth depth depth depth depth depth depth depth depth
Extrapolation [sfc) congtant constant constant constant constant congtant congtant constant congtant
Extrapalatian [bte) constant constant canstant constant constant constant constant constant canstant
Measurament unt  [m mis deg Pt L s-1 s deg ml) b7 /52

: ni Il 3 15 a ] 0.0003

The completed tableisgivenin Figure4.10. Note that two depths must be specified even though the
second row contains no information except an arbitrary depth. The second row is prepared as soon
as onetabs past the last column in the table. The extrapolation parametersindicate that the ambient
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values are constant in the water column. However, even if the extrapolation parameters were
changed by clicking on them, the fact that thereis only one row datawould be interpreted by VP to
indicate that the ambient values are constant.

The arbitrary depth of 50m could have been set to any other value, however, a depth greater
than or equal to the port depth is strongly recommended to force VP to extrapolate to that depth
(when extrapolation for one or more columnsison). Also, the ambient values could have been input
on the second line, leaving thefirst line blank except for the surface depth (which does not have to
be zero).

Running the models

Aninitial analysisis ready to be performed. A click on the model logo will cause the target
model UM 3 to berun. Alternatively, the”U (<Ctrl-U> key sequence) short cut may be used to start
UMS3. Finaly, it may be selected from the Models menu. The four-panel graphical output is shown
in Figure 4.11 after the Scale button to the left of the graphics panel was pushed.

The numerical output on the Text Output tab should look something likethat in Figure 4.12.
There is a variety of information given but one prediction that might be extracted from the text
output is that the predicted dilution at the acute mixing zone boundary is 785.5 to one. If the
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Figure 4.11 First graphic adjusted by pressing the Scale button on the Graphical Output tab.

4.13



corresponding pollutant concentration of 0.124ppm easily satisfies all applicable water quality
criteria, the analysis might be done.

Itisworth noting that the max dilution reached messageistriggered by thefact that thevalue
in the Maximumdilution reported edit box on the Special Settingstabis set by default to 10000. As
soon as UM 3 predicts ahigher dilution the run isterminated. In reality, atruly buoyant plume, one
that is not subject to nascent density effects, will rise to the surface. This can be done by setting a
higher dilution limit, say 100000. The effect of this change is explored below.

7 Windows UM3. 11/14-00 10:24:27 AM
Case 1; ambient file C:“Plumes“One port.001.db; Diffuser table record 1:

F-dia P-elev V-angle H-angle Ports AcuteM? ChrncMZ P-depth Ttl-flo Eff-=al Tenp Polutnt
{m) (m) (deg) (deg) {1 (m) (m) {(m)  (MGD)  (p=u] (C)  {ppm)
0.05 1.0 20.0 90.0 1.0 0.0 100.0 49.0 0.0s 0.0 25.0 100.0
Froude number: 9.62
Depth  Anb-cur P-dia Polutnt Dilutn =-posn  y-posn

Step () (n/s] (m)  (ppm () (m) (m)
0 43.0 0.1 0.05% 100.0 1.0 0.0 0.0;
100 48.75 1 0.2% 13.8 7.077 0.0 0.59%
200 47 .94 0.1 1.026 1.905 = i 0.0 2.032
300 46.14 0.1 3.08 0.263 3701 0.0 6.212;
338 44 .92 0.1 4. 558 0.124 785.5 0.0 10.05; acute zone,
400 41.72 0.1 2.53%  0.0363  2gB1.2 0.0 23.27;
467 3526 0.1 16.69 0.00963 10104.9 0.0 60.45; max dilution reached,

1@:24:2? AM. amb fills: 2

Figure 4.12 Initial UM3 prediction displayed on the Text Output tab.

What happens when things go wrong?

Thelast thing the Visual Plumes programmerswant to happenisfor thingsto go wrong. But,
the redlity is that it is difficult to build a large application like VP without inadvertently
programming bugs. Some problems are system specific and are virtually impossible to anticipate.
Annoying problems may be reported. In an email communication to the email address given above
it isusually helpful to attach the input files with which the problem is associated.

A common problem with programs that shuttle information between files, like changing
projects, is proper re-initialization of al variables. Before giving up on a problem totally, it
sometimesworksto simply exit and restart V P. Moving between tabs may also be helpful. A known
buginVPresultsinthe Styleradio group indicating one style of graphicswhile VP actually displays
another. Pushing a different radio button helps to synchronize these two components.

4.2.4 Modifying the project

Among the most common changes madeto VP output are adding variablesto the text output
and customizing the graphics.
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Adding and removing output table variables

Dueto the fad that both effluent and current are direded nathward, this problem is atwo-
dimensional problem in the y-z plane (in VP the x-axis points towards the eat). Thisisthe reason
why all valuesinthex-posn columninFigure4.12are0.0.For thisprojed the x-axisposition d the
plume element is uneventful and it may as well be removed from the output table. This may
acomplished by clicking on the Selection List pul-down list on the Special Settings tab, Figure
4.13,and finding and clicking the x-posn seledion. The seledion is removed from the Selected
Variableslist. In the same way the centerline dil ution (CL-diln) might be alded to the list.

Far-field variables

The plume in the simulation listed in Figure 4.12is

Selection Lizt

halted prematurely by the maximum dilution criterion,

|

Selected Yariables

Amb-cur
P-dia

consequently, the dronic mixing zone is never readed. In
anticipationof runningthesimulationintothefar field,and, dwe
to the fad that the outfall is to the open ocean, thisis a good
time to add the 4/3Eddy variable to the output list. If this
variableisnot added to the li st the more mnservative cnstant
eddy-diffusivity approach is assumed to apply.

To obtain far-field ouput the Brooks far-field solution
option must be dedked on the Model Configuration radio
panel. Doing so changes the remaining column headers onthe —
ambient tab from “n/r” to Far-field current speed and Far-field "
current direct(ion). Asit takesarelatively short amourt of time "

il

(about 100Ge0) for the plume dement to move from sourceto 0%

chronic mixing zone boundxry, the aurrent is assumed to be |
uniform. To be mnservative, adiffusion coefficient of 0.0003
may be ssumed. Making these changes (inputing 0.1, 90,and

Incrmnt

A cutedZ
ChrinchZ
P-depth
Til-fAe
Eff-zal
Temp
Folutnt

_ |Bottom
AEEddy
Deensity
dil &tnb-den
P-speed
Drlutn

y-post
Buidd-up
Time
EzxtraVar

-

Folutnt
Drilutn

X-post
y-posn

o

o0o ‘

[Cloze panel I

-

0.0003inthelast three @lumns) andrerunning UM 3yieldsthe
text output shown in Figure 4.14.

Figure 4.13 Adding and

A discusson d the far-field diffusion coefficient is removing variables from the

presented in Figure 4.5.

Analyzing the revised ouput

output table.

The new output reveds someinteresting fads. Most importantly, the plume dement reades
the chronic mixing zone before it hits the surface consequently, even though the Brooks far-field
algorithm has been linked in, it is never used. For the same reason, the values in the Polutnt and
4/3Eddy columns are identicd, suggesting that the former variable could have been removed from

the output table.
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# Windows UM3. 11-14-00 12:14:32 PN

Caze 1; ambient file C:“Flumez“One port 001 .dh; Diffuser tabhle record 1:

P-dia P-elev V-angle H-angle Ports AcuteMI ChrncMi P-depth Ttl-flo Eff-sal

(n) (m} {deg) (deg)
0.05 1.0 20.0 90.0
Froude number: 9.62

Amb-cur F-dia Polutnt

Step (n=) (m) {ppn)
] n.1 n.0§ 100.0
100 n.1 0.276 13.8
200 n.1 1.028 1.9058
300 n.1 3.08 0.263
338 n.1 4 GE§ n.124
400 n.1 8.538  0.0383
500 n.1 23.18 0.00501
502 n.1 23.64 0.00482
549 n.1 3771 0.0019

()
1.0

4/3Eddy

{pom)
100.0
13.8
1.905
0.263
0.124
0.0363
0.00501
0.00482
0.0019

(n)
10.0

(n)
100.0

Dilutn CL-diln

Temp Polutnt

(C)  (ppm)
250 100.0

(n)
43.10

(MGD) (p=u)
0.05 n.o

y-posn

() ()
1.0

1.0 :
7.077 3.027
it 17.85
3701 1081
785.5 220.2

2681.2 741.7
194239 5078.3
20208.6  52B1.7

()
n.o;
0.596;
2.032;
6.212;

10.05;

23.27;
97 .68;

acute zone,

D1255.9 13314.8

100.6; chronic zone,
200.5; surface,

Dutside chronic zone

Fi gure 4.14 Text output with plume hitting the surface.

Another interesting comparison is between the Dilutn and Cl-diln columns (the dilution and
centerline dilution columns). The centerline is substantially less diluted than is the plume element
on the average. However, the average dilution, asit is associated with the total mass of the plume
element, is a primary UM3 variable. The centerline dilution is estimated based on assumed
concentration and velocity profiles. This relationship can be summarized by a peak-to-mean ratio
between average and centerline values. These dilutions are graphed in the lower right-hand panel of
Figure4.11. Peak-to-mean ratios are still the subject of research in the plume modeling community
(Frick et a., 2000).

Far-field output revisited

For the sake of this demonstration, let it be assumed that there is a second pollutant that is
discharged at 200ppm and subject to acute and chronic mixing zone boundaries of 50 and 500m
respectively. A new project could be started or the changes could be treated as a separate case. If the
latter, it is only necessary to make a second row on the diffuser table and to input the new valuesin
the respective columns, as shown if Figure 4.15. Before running the second case press the clear
buttons on the text and graphics tabs. Also, be sure that the row-marker triangle appears to the | eft

Diffuser, Flow, Mixing Zone Inputs
Pat  |nh Pt |Vetical |Hur Mumaf |nf n/i ni nir foute |Choonic (Pt (Effuent |Effuent (Effiuent |Effluent
diameter glevation |angle  |angle  |parts ik zone |mix 2one |depth [flow |salinitf] {temp |cone
m m i deg m g 8 3 il i m MGD pau L ppm
005 1 ] a 1 w1 9003 0 5010
) oo an

Figure 4.15 Two concentrations, two sets of mixing zones, two cases.
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of the second line of data. If not, move the cursor out of the row, click somewhere, and click on the
row a second time.

The output for Case 2 isshown in Figure 4.16. (Notice that Case 2 is associated with row 2
in Figure 4.15, but in Figure 4.16 it is labeled Case 1. When a new run sequence is started, by
running amodel, VP alwaysresetsthelabel to Case 1.) Dueto the fact that the chronic mixing zone
boundary is now outside of the initial dilution zone, the Brooks far-field algorithm output is
appended to the former output. The dilution at the chronic mixing zone boundary is almost 65000
to one. Thisis characteristic of plumes in deep water where there is nothing to stop a plume from
rising and achieving it maximum dilution potential.

Thefar-field interval in Figure4.16 impliesthat the Farfield increment (m) edit box was set
to 50m on the Special settingstab.

A Windows UM3. 11-14-00 1:02:47 PH
Ca=ze 1; ambient file C:“~Plumes~One port . 001.db; Diffuser table record 2:

P-dia P-elev V-angle H-angle Ports AcuteMZ ChrncHZ P-depth Ttl—-flo Eff—-=al Tenp Polutnt
{m} (] ideg) {deg} )] L} {m} L) (MGD} {p=u) LC) {ppm }
0.08 1.0 20.0 a0.o 1.0 E0.0 500.0 49.0 0.08 o.o 25.0 200.0
Froude number: 9. .62
Amnb—cur P-dia Polutnt 4.-3Eddy Dilutn CL-diln v—po=h
Step (ms=]) [m) (ppm} {ppm) £ () {m)
0 0.1 0.05 200.0 z00.0 1.0 1.0 0.0:
100 (IS 0.276 27 .61 27 .61 Fa BT, 3.027 0.596;
200 0.k 1.026 3.811 3.811 L= 17 .85 2.032;
300 0., 1 3.08 0.526 0.526 370.1 10e.1 E.212;
400 0 8.538 0.07z26 0.0726 2681 .2 7217 Zandgs
454 0.1 14 66 0.0249 0.0249 7811 .4 2062.4 E0.1; acute zone.
oo (et 23.18 0.01 0.01 19423.9 E078.3 97 BB
549 05 37.71 0.0038 0.0038 51255.9 13314.6 200.5; surface.
4,3 Power Law. Farfield dispersion baszed on wastefield width of 37.71
conc dilutn width di=stnce time
{ppm ) fm) (m} thr=s) ppm} (=—1) (mo=) im0 67722
2.08E-5 51387.2 43 .85 250.0 0.138 0.0 0.0 0.1 3.00E-4
1.3%9E-6 52843.0 E0.35 300.0 0.276 0.0 0.0 0.1 2.00E-4
4.95E-7 55515 .4 E7.14 350.0 0.415%5 0.0 0.0 0.1 3.00E-4
2 .6B8E-7 58606.1 64 .21 400.0 0.554 0.0 0.0 0.1 3.00E-4
1.74E-7 £1798.5 71 .55 450.0 0.693 0.0 0.0 0.1 3.00E-4
1.25E-7 64966.0 79.15 500.0 0.83z2 0.0 0.0 0.1 3.00E-4

Figure 4.16 Case 2 with far-field output

Customizing graphics

A crudeway to customizethe graphics, or, to makethe plotsfit the graphics panels, isto use
the Scale button on the Graphical Output tab. For single runs this often frames the graphics well,
however, the scaling algorithm does not work as well when multiple plots must be scaled.

Thegraphic panel smay be customized individually by double-clickinginthemarginsof each
graphic (outsidetheplot area). Figure4.17 showsoneof the Graphicscontrol windows, for thefour-
panel dilution graph, that can be accessed in thisway. Thiscontrol is set to customize the horizontal
axis. The values next to the Minimum and Maximum edit boxes are extreme vaues encountered
during the plotting process. They serve as guides for framing the graphic but are not reliable
indicators when many runs are graphed.
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It is important o refer to the Auto Scale

check box. If it is checked the inputted minimum
and maximum values will not be accepted. To
manually change the settings, the Auto Scal e check
box should not be checked. Visual Plumes always
attemptsto reset Auto Scaleto off at the beginning
of each project.

While for finished products the graphics
may be highly customized, the VP list files only
store selected settings, for example, minimum,
maximum, and increment for each coordinate axis,
and, legend on or off. Consequently, such
customized graphics should be saved in some
manner before exiting the project. The To File
button may be used to create bitmap files of the
graphicspanels. Thebitmap filesare each over two
megabytes and should be converted to more

General Horizantal Axis |Ve[tica| .-’-‘n.:-tisi Legendi Seriesl

IininnLir Im— [0.00)

I aimuim IW [500.00]
Inzrement 000

Auta Scale [

Grid Lines " Mone " Solid & Daotted
Az Title

|H|:uriz. Distance from Source (m)

Font... |

[

Cancel |

compact formats or deleted from the directories
promptly. A customized version of the graphical
output is shown in Figure 4.18.

Flume Elevation

— Plume profile
— Plume Profile
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Figure 4.17 Graphics control for the four-
pandl dilution graph frame.
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Figure 4.18 Customized graphics output.
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4.25 Adding another ambient scenario

The example @owve shows the grea dilution pdential of plumes discharged to deep,
unstratified recavingwater. Thismodificationtotheprojed ill ustratesthe profound eff ed of density
stratification on dl ution whil e providing an oppatunity to develop multi ple anbient scenarios.

Creding aseacndambient inpu file andtable

To start thisexerciseit isimportant that the anbient tab isthe adive tab. Click onthe File
menuandseled Save ambient fileascommand. (The Add existing ambient file commandisreserved
for adding existing fil es and cannat be used to creae new ambient fil es. If the anbient tab isnot the
adivetab, VP will assume that an entirely new projed isto be aeaed. One shoud make sure that
the File menu ogionis not File project as.)

Oncethe Saveambient fileascommandisisaued the Saveas dialoguewindow shoud appea
with the default fil ename One port.002.db. This ambient filename can be dhanged to any fil ename
consistent with the anbient file naming convention, havever, if the default name is accepted it
establi shes asequenceof namesthat iseasily manipulated in the Ambient filelist onthe diff user tab.
The disadvantageisthat onewould haveto remember what ambient scenariois gored inwhat could
be projed having many ambient fil es.

For the purposes of thistutorial, the default name is accepted. VP then adds the new fileto
the Ambient file list, closes the previous file One port.001.db, and pus One port.002.db on the
ambient tab. Thus, the way the Save ambient file as command works is that it closes the existing
ambient file dter making a wpy of it and giving the copy a new name.

A density stratified scenario

To add redism to this example and to ill ustrate some of VP's more general capabilities, a
fairly elaborate anbient scenario is propased. To get to theinput that lookslikethat in Figure 4.19,
the lines could be eased (using the <Ctrl-delete> key) and inpu started owver. The following
aternative way aff ords oppatunitiesto pradice aliting skill s.

Firgt, click onany cdl inthefirst (Om) row of the ambient table and pressthe <dnsert> key.
Thiswill i nsert anew first line. Enter a0 in the first column to establi sh the row (otherwise it will
disappea if youmove off therow). Moveto the seaondrow, reped the procedure andinsert ancther
line and enter adepth of 3m. Now move to the temperature wlumn and enter the value 20C. Next,
move to the first column, third row and change the value to 20m. Move to the 50m row and insert
ancther row, makingitsdepth 40m andits salinity 33.1.Still i n the sali nity column, movethe aursor
uptothe Extrapolation (btm) row andclick urtil it showsextrapolated. Finaly, deletethedecay rate
value (0) from the third row and re-input it onthefirst. To delete the value from the cdl, click on
it asecondtimeto seled only thevalue andthen pressthe <delete>key. The anbient tab shoud nov
look something like Figure 4.19.
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teasurement |Current Curent Ambient Ambient Backaround  |Pollutant Far-field Far-field Far-field
depth or height| zpesd direction aalinity[] temperature  |concentration |decay rate"] |curent speed | cument direct | diffusion coeff
Depth or Height depth depth depth depth depth depth depth depth
Estrapolation [sfc] constant constant constant constant constant onstant constant constant constant
Estrapolation [btm) extrapolated | constant extrapolated | constant constant constant constant constant constant
Measurement unt [m s deg piu [ ppm 51 s deg mi. 6752
I i
!i I 3 pi]
0 01 an 33 15 100 0l a0 (.0003
40 3l
Ambient file lizt 50
Filename i
One port.001.d6 11
One port 002.db 11

Figure 4.19 The density-stratified scenario: One port.002.db.

This ambient table emphasizes that not all cdls need to be filled, in fad, an important
atribute of VP isto avoid redundant input. Thisis not so much a cnvenienceto the user asit isa
way to be ableto examinethetableto gain an appredationfor the datathat are avail able andto make
comparisons with simil ar tables easier.

Before continuing, if desired, any text and graphicsthat have aceimulated might be deared.
One way to clea the board isto exit and restarting VP; if that path is chasen the new scenario can
be re-establi shed by cli cking onthe One port.002.db fil enamein either Ambient filelist. Once ajain,
VP is able to recover the changes from a previous ssson from the projed’s List file, bu, fine
changesto the graphics panels (like auistomized labels and titl es) are not currently stored for future
reference

CAUTION: It isagoodideato ched the name of the anbient input fil e recorded at the top
of the text output for ead runto asaure the right ambient input is being used.

To appredate the dfed that the new inpu and extrapal ation setting have onthe output, go
to the Special Settingstab andaddthe anbient sali nity (Amb-sal) and temperature (Amb-tem) to the
Selected Variableslist. Thiswill causethesevariablesto beoutput variablesandwill show how they
change as the plume dement rises through the water column.

Customized graphics

One of the graphics gyles avail ableis the austom graph accessed by clicking the cusradio
button onthe Style cluster onthe Graphical Output tab. The dscissa (x-axis) and adinate (y-axis)
of graph panel can be spedfied onthe Graphics settings panel onthe Special Settingstab. To set the
variables, push the Abscissa (x) and Ordinate 1(y) radio butons, eat time seleding the desired
coordinate variablefrom the Customvariables pul-downlist. Inthiscasetime (Time) and pdl utant
concentration (Polutnt) are seleded for plotting. Thetime isthetimerequired for agiven plumeto
travel from the port to any point along the plume trgjedory. (The second ordinate is not presently
fully implemented).
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If the Casecount variable is sleded for the x-axis, VP graphs “summary” statistics. For
example, if the arrespondngy-axisvariableisPoltnt (average pal utant concentrationinthe plume)
thenthepredicted concentrationat maximum risewill be plotted for every caseintherun.Maximum
rise coud be ather at some intermediate level in the water column or when the plume hits the
surface

Comparing modd s and interpreting the results

In the One port projed memo it is gated that UM3, DKHW, and the Brooks far-field
algorithm are gopropriate for this problem. PDS would na be used with thisinpu becaise it isa
surfacedischargemodel, and, NRFIELD would na be used becauseit isan empirica model for line
sources, requiring at least four ports (two T-risers) to be gplicable. This example provides an
oppatunity tocomparethe UM 3 and DKHW initi al dil utionmodels. Some of themodel predictions
areshown onthe4-panel graphinFigure4.20,UM3 ouput inred (thetrgedory withthegreder rise
and dlightly lower average dil ution) and DKHW in blue. Note that the legend for the devation view
has been turned off onthe Special Settings tab.
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Figure 4.20 One port output for the density stratified ambient scenario.
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From the predictionsit is apparent that, compared to the unstratified casein Figure 4.16, the
plumes do not reach the surface and the dilution attained is much smaller. The average dilution is
lessthan 5000 compared to over 50000 previously. Evenrelatively weak stratification hasaprofound
effect on dilution. Stronger density stratification would further reduce dilution.  The solid lines
in the Ambient Properties panel plots the stratification in sigma-T units (for example, 240 ; is
equivaent to 1024lg-m3). It can be seen how the plume dement changes its buoyancy (compare
point density to ambient density at the same depth) asiit rises through the trapping level, the point
a which the average plume density and ambient density are equivalent. As the plume dement
possesses upward momentum at this paint it passes through this level and becomes negatively
buoyant. The negative buoyancy abowve the trapping level decederates the plume dement, reducing
the verticd velocity of the dement until the verticd velocity reverses and the plume fall s badk
towards the trapping level.

Under ided condtionsaplumewill oscill ate ébout avarying trapping level at the so-cdled
Brunt-Vaisalafrequency asawave form. Chedk thisby pressng the 1 (to 2™ max rise or fall) radio
button onthe UM3 max vertical reversals radio groupand rerunning UM 3. The simulation pesses
through maximum rise andis continued to the next trapping level. Subsequent trapping levels vary
dightly becaise entrainment continues to change the average density of the dement.

Extrapdation

In setting up the anbient table in Figure 4.19,the salinity column Extrapolation (btm) cell
wastoggled to theextrapol ated setting. In Figure4.20the dfed of this sttingisrefleded by thefaa
that the density continues to increase (is gable) below the 40m depth. Effedively, the density is
extrapolated from the values at the 20 and 40m levels. On the other hand, shall ower than 3m the
density is constant because surface &trapaationis not spedfied.

Zoominq Craph CS Ambient Properties

Any of the graphics can be dynamicdly
zoomed. Using the mouse, click and dag an
imaginary bax, correspondng to the redangular
areawhich isto be included, from upper left to &
lower right. A "rubber-band" box will appea that £
shows the zoom area Uponreleasing the mouse =
buttonthegraphisre-scded. Theinitial scde can
be restored by credaing a box in the oppdasite
sense, in ather words, by starting from the lower
right-hand corner and rel easing the mouse button : : : : : : :
at any upper left-hand corner. Figure 4.21shows 2475 248 485 248 2485 25 2505
the results of a dynamic zoom on the Ambient RERRRET
Properties panel. Magnified in this way, the Figure4.21 Density modeling details.
predicted depths of thetrappinglevelscan bereal
more edaily, varying from abou 42m for UM 3 to abou 44m for DKHW.
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The peak-to-mean ratio

Another significant differenceinthe predictionsisof the centerlinedilution (PlumesDilution
Prediction panel in Figure 4.20). While the average dilutions compare favorably, the centerline
dilutions differ by about a factor of two. As both models are fundamentally predicting average
dilutions, the reason for the difference is in the way the centerline dilutions is calculated. Both
assume a 3/2-power profile but integrate in a different way to estimate the peak-to-mean ratio
between centerline and average plume concentrations. The results are shown.

Recent experiments by Roberts (2000) suggest that the peak-to-mean ratio calculated by
UM 3 may be substantially too high. This problem islikely to be the focus of future research.

Custom graphics

The custom graphic set up in the Customized graphics section aboveisgivenin Figure 4.22.
The rapid decay of pollutant concentration due to entrainment as a function of time is apparent.

Predicted Relationships

FPolutrt (ppm)

f T T t T T T T T T g T T ==t T T T T
0 1 2 3 4 5 B 7 a ] 10 11 12 13 14 15 16 17 18 19 20
Titne (=)

Figure 4.22 Custom graphic showing pollutant concentration plotted
versustime.

Tips to remember

When the Case selection Base or selected case radio button is selected, it is important to
remember to click onthedesired row, or case, beforerunning themodels. The case-indicator triangle
(») should be pointing to the appropriate case before running the models. The correct Case Number
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should show in the Parameters for selected row panel in the lower |eft quadrant of the diffuser tab.
Similarly, when multiple ambient files are displayed in the Ambient file list, be sure to select the
desired ambient file (or scenario) before running the models. The correct filename should be
displayed on the protruding tab at the top of the ambient tab.

On the ambient tab, if any extrapolations are indicated, as they are for salinity in the One
port.002.db file, then a O depth and a depth below the depth of the discharge port should be
specified. This will assure that any ambient pairs of data are properly extrapolated and that the
density profileis plotted fully on the Ambient Properties graphics panel.

Partnership with the user

If one simply readsthis tutorial, the One-port example may appear to have been devel oped
quickly and smoothly. In reality, the act of creating the tutorial encountered difficulties that were
generally overcome by drawing on experience, but, in a couple of instances minor bugs were
revealed that had to be resolved. Not to resolve them would risk adding to the frustration and
annoyance that the user may feel when things do not work as advertised or the procedure is not
intuitive.

Thereisno gquestion in the minds of the authorsthat, as

with its predecessor, Visua Plumeswill give the best resultsif Diffuser, Flow,
itsapplicationis partnership between the developersand users. ' MNumof FPort — Ind nét
The user does not share the experience of the developers, but, ¥ 1parts  Ispacing

m = =

the reverse is true also. Until models are perfect, and this 2

development project shows that this one is far from that, the Ll 2 *

best that can be hoped for is that there exist a partnership
between devel opers and users that will draw on the talents of Figure 4.23 Multi-port diffuser.
both to make an imperfect tool serve the needs of the user.

43  Multi-port discharge

Specifying multi-port diffusers

The single-port example above can easily be changed to a multi-port example by specifying
more than one port in the Num of ports column of the diffuser tab, Figure 4.23. Once so specified,
the Port spacing label appears in the column to the right of the Num of ports column and a value
must now be specified. A two-port diffuser, as shown, would have significant end effectsand would
represent a conservative analysis.

Some assumptions

The assumptions for multi-port plume prediction vary somewhat with model. The UM3
model treats multi-port plume prediction the same as single-port plume prediction up to the point
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merging. Oneimportant assumptionisthat all plumesin agiven linear diffuser, with the exception
of orientation, areidentical. In contrast, the NRFIELD (RSB) model isbased on the assumption that
multi-port plumes can often be assumed to be emitted from line sources.

With all three VP modelsit is assumed that the ports point perpendicular to the axis of the
diffuser, therefore, staged diffusers, which have ports pointing at an acute angleto the diffuser, can
only be modeled by making additional assumptions.

Mergin

Merging theory is covered in some detail in Baumgartner, Frick, and Roberts (1994). UM 3
uses the concepts of effective spacing and reflection from a plane to help estimate the effects of
merging. Effective spacing is an estimate of the true spacing between plumes at any point. Withthe
generalization of UM 3to three dimensions, additional assumptionsregarding the merging of plumes
are made. Most importantly, when the angle between the current and the instantaneous plume
element direction is less than 20deg, the effective spacing is no longer trigonometrically reduced.

An important simplification involving cross-diffuser merging

Diffusers with ports on both sides of the diffuser pipe discharge plumes into opposite
directions, creating co-flowing and counter-flowing plumes. Counter-flowing plumesaredischarged
up-current and will generally rise and bend back into the direction from whence they came,
eventually merging with the co-flowing plumesthat are discharged on the opposite side of the pipe
in direction of the current. Thisis called cross-diffuser merging.

One way to model cross-diffuser merging isto model the counter-flowing plumesfirst and
to usethe output from them to establish background conditions, especially pollutant concentrations,
for subsequent co-flowing plume runs. This can be atedious undertaking.

An alternative approach, that represents a major simplification and that appearsto befairly
accurate based on the results of informal modeling trials, isto treat the diffuser asif al portsare on
one sidewith half the spacing. In the context of merging plumes, this approach workswell when the
distances of interest are somewhat beyond the point of merging. Thus, thereisonly alimited range
of distances, beyond the point of merging and this point where the assumption isunimportant, where
the modeling results will suffer some level of uncertainty.
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5 Advanced Considerations

51 Time Related Data, Time-Series Files

The value of time-seriesfiles

For major diffusersor special studies, there may beaneed for detail ed anal ysesto adequately
describe performance under arange of conditions. In such cases, it is often useful to run the plume
models with measurement data taken specifically to predict the likely performance of the outfall
under arange of conditions actually recorded during amonitoring study. VP addresses this need by
allowing the use of time-series input from files, such as from monitoring reports, in lieu of data
specified in the input tables.

Oncedataareformatted in the prescribed fashion including theinformati on echoed under the
time-series filename row of eligible variables, viz., Port depth, Effluent flow, etc. on the diffuser
table, and Current speed, Current direction, etc., on the ambient table, VP can read the time-series
filesin place of theinput table and provide the corresponding prediction and output. Inthisway, VP
cananalyzeliterally thousandsof casesin asystematic fashion. Theadditional timeand effort (which
depends on the amount of data manipulation required to get the time-series into VP compatible
format) may then berecovered from not having to create the numerousambient input filesthat woul d
otherwise be required.

VP cancyclethrough thetime-seriesfilesrepeatedly to simulateinitial and far-field dilution.
For example, a time-series effluent flow file that records only the diurnal cycle of a wastewater
treatment plant may be combined with a very long current meter file thousands of records long.
When VP reaches the end of the short effluent flow file it will simply reset it and read it again, as
many times as necessary. In addition, VP will synchronize time-series files of unequal time
increments. Each file must be set up to start at the sametime (time"zero") even though the user has
control over when the simulation begins through the Sart time column on the Diffuser tab. The
ending time and time increment determine how many cases are analyzed.

A tutorial givesacompletetime-series analysis exampleto help illustrate the main points of
this capability.

Linking time-seriesfiles

The Diffuser and Ambient tabs both can accommodate time-series files. The linkage is
accomplished in the Time-series files (optional) panels, Figure 5.1, after the time-series files are
created, as is explained subsequently. Given the associated files exist, they may be linked in by
clicking on the cell that displays the click for file prompt in the appropriate column. When this
prompt isvisibleit indicatesthat no fileis presently linked to this column, the default configuration.
However, the replacement of the prompt by afilenameis not aguarantee that the corresponding file
islinked in if the file is not in the indicated directory. Clicking a file off and re-linking it will
establish whether or not the time-series file is actually available.
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Given that "TS series.vpp.dl is the name of the projed file listed onthe Diffuser tab, the
default name for the “borrow projed” will be the same and will appear in the alit box after the
Borrow time-series from project label. If another projed is to be referenced, it can be made the
borrow projea by clicking the Borrow time-series from project edit box to popup a diredory
dialogue. Oncethe mrred references are established andthefile " TS series.vppflo" exists, a dick
onthe click for file cdl i n the Effluent flow column will open the time-seriesfile.

Preparing diff user table time-series files

Time-series files must be aeded external to VP using an appropriate ASCII text editor
(which can be aword processor that can savefilesin ASCII format). Each time-seriesfileisheaded
by aline of information that al ows the data in the file to be properly interpreted, followed by a

Time Series-Files (optional) Borrow time-series from project; |C‘Plumes‘Ketchikan vpp.db
Port Effluent Effluent Effluent | Effluent
: depth flawy salinity(] termp. cone
Time-zenies filenames click. for file click for file click. for file click for file

Time increment [hrs
Time cucling period
Meazurement unit

Figure 5.1 Window for linking effluent (diff user table) time-series filesto Visual Plumes.

listing of the data. Given a projed name of “TS series’, the following data is an example of an
eff luent flow time-seriesfile:

1.0 5MGD TS series.flo
2

3.2

5

4.5

3.5

Thefirst lineisinterpreted to mean that the time-seriesincrement is 1.0 hou, there aefive
periods, and the unit of the valuesin thefileis MGD. When it is clicked, the filename replaces the
click for file prompt and the time-series increment and period values are displayed in the céls
immediately below the filename. The name of the fil e onthe header linein the samplefile boweis
not required, read, o used by VP. It's presenceis recommended for documentation pupaoses.

Thedata bove aeflowsat hour zero (2MGD), hou zero plusone(3.2MGD), hou zero plus
two (5MGD), through hou five (3.5MGD). If hou zero corresponds to midnight, the data would
represent flows from midnight to ore, oreto two, etc.. If more than five hours were simulated, the
datawould be repeded, fiveto six am. would be 2MGD, etc.. The value in the Sart time column
will determine whether the first datum used is 2, 3.2, 5, 0 some other value.

CAUTION: Uponlinking atime-seriesfil g, i.e., uponclicking onthe click for file prompt,
VP cleas existing data in the crrespondng column of the diffuser table, here the Effluent flow
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column, becauseit is superseded by thetime-seriesfiledata. If thereisimportant datain thiscolumn
pertinent to another part of the study, it might be best to create another project beforelinkingintime-
seriesfiles.

Time-series file extensions

The file extensions for the time-series (tan) flow variables are:

dep:  port depth,

flo:  effluent flow

sa:  effluent salinity
tem: effluent temperature
pol:  effluent pollutant.

Ambient Time-Series Files

The ambient time-seriesfiles are more complicated because the information is not scalar by
nature. A time-series effluent flow variable (one of those under the tan headers on the diffuser tab)
isdescribed by asingle number at each measurement time. Ambient data, on the other hand, areonly
represented by asingle value if the ambient property is constant with depth. The ambient variables
may require multiple inputs for each measurement time, corresponding to the available depths at
which measurements are recorded. Consequently, the ambient time-seriesfile header array contains
additional information defining the depths of the subsequent columns of numbers. For example,
consider the time-series input file "TS series.001.spd" for current speed:

1.00 6.00 m/s 0.0 constant extram 10 15 20 25 30 TS series.001.spd
0.150.16 0.16 0.16 0.20
0.150.160.170.180.19
0.140.130.120.110.10
0.100.20 0.30 0.40 0.50
0.200.20 0.200.200.20
0.210.210.220.230.24

As before, the header line provides information on measurement units, depths, and other
pertinent parameters. The values of thefirst line have the following meanings:

1.00 time increments (hr),

6.00 Total period (hr),

m/s units of measurement (m/s).

0.0 depth or height (depth = 0.0; height would be indicated by a positive value defining
the distance between the port and the surface),

constant surface extrapolation information (constant in this case, other options are

extra(polated) or lin(ear-to-zero)
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extra bottom extrapolation information (same options as above)

m the units of the depths at which the measurements were made (m),

10... the depths (10, 15, 20, 25 and 30m in the example; must correspond to the number
of columns),

TSseries...  thefile name (the filename and other appended text is optional).

Both time increments and total period must be expressed in hours.

Following the header lineisamatrix of currents with rows representing consecutive evenly
spaced timesand columnsrepresenting thedifferent depths. For exampl e, the current during thesixth
hour at 25 metersdepth is0.23 m/s. Seethe previous section for adiscussion of thetime convention.

A detailed discussion of depth and height is given in the following section. Bri€fly, if
measurements are recorded depth-wise a value of 0.0 is indicated after m/s in the header line. If
measurements are recorded height-wise, the height of the measurement datum (for example, Mean
Lower Low Water, or MLLW) above port depth will be entered.

Thefile extensions are:

spd:  ambient current

dir.  ambient current direction relative to the x-coordinate
sa:  ambient salinity

tem: ambient temperature

pol:  ambient pollutant concentration

rat:  ambient pollutant decay rate (or solar insolation)

far:  ambient far-field current

dis. theambient far-field dispersion coefficient.

When an ambient time-seriesfile islinked to VP the corresponding column in the ambient
table receives the depths in the time-seriesfile: 10, 15, 20, 25, and 30m. Thisinformation is used
by VP to interpolate and extrapolate the times series data. Caution: as with the diffuser table, any
existing values in the column are overwritten. When atime-seriesfileislinked in, the valuesin the
corresponding columninthe ambient tabl e are depths and the unit of the columnwill beadepth unit.

5.2 Depth vs. Height

CAUTION: This section describing the height mode describes capabilities of VP that exist
but have not been independently tested.

5.4



-

O n

2 Surface
e

y

Parl
De:nth

Plume

5 -~ MW &

Ditfuscr Anchor Weight Instrumant Float
oF By

Figure 5.2 Two measurement configurations comparing height and depth-based measurement
scenarios.

The Diffuser tab alows for a Port depth time-series input file. This is to accommodate
variable water body depth arising from river stage variations, reservoir and lakes levels, or tides.
V ariable water-column depths pose programming problems when dataare used that were collected
from an instrument platform moored to the bottom, because its depth will vary with time. This
problem, illustrated in Figure 5.2, can be overcome by alowing for both depth-based and
hei ght-based ambient time-series input files.

Figure5.2 depictsadiffuser running perpendicul ar to the plane of the paper with current from
left toright. A variabletidal surfaceis shown, which could just as well be a changing stage of river
flow or surface elevation of areservoir. Two measurement strategies are depicted, oneinwhich an
instrument is suspended from a buoy and a second one in which instruments are moored to the
bottom, the mooring held more or less vertical by afloat.

It should be apparent that in the buoyed case the depth of the instrument stays constant even
asthe depth of the water column changes. In the moored case, however, the depth of the instrument
is variable, depending on the water column depth. In order to maintain a level of simplicity in
programming, VP uses the same algorithm to interpol ate both depth and height based ambient data.
For thisto work, certain rules for creating height based input files must be observed. For example,
giventhecurrent speed file TSseries.001.spd, recorded on the header line of theambient time-series
file, the value of 0.0 following the file units of m/s must be replaced by the height of water above
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port depth corresponding to the appropriate datum, such asMLLW or Mean Water Level (MWL).
In the Sand Island example in afollowing tutorial, it might be 69.8m. One could also think of this
to be the depth to port level measured from the water datum.

An ambient file similar to the depth file above but using height and a diffuser at aMLLW
depth of 33 m, might be as follows (changed parametersin italics):

1.00 6.00 m/s 33.0 constant extram 23 18 13 8 3 TS series.001.spd
0.150.16 0.16 0.16 0.20
0.150.160.170.180.19
0.140.130.120.110.10
0.100.20 0.30 0.40 0.50
0.200.20 0.200.200.20
0.210.210.220.230.24

Once the height-based ambient data mode is established, VP will take the base case port
depth and use it to compute the corresponding depths at which the height-based data were obtained.
In other words, at run time VP will offset the interpolation depth for height-based ambient
time-seriesfiles. In this way the same interpolation algorithm used for depth specific ambient files
can be adapted to height-specific files.
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6 Additional Applications

This section describes several sample problems that demonstrate the use of VP. These
problemsareincludedinthebuilt-in hel p system asadditional tutorialsand predatethetutorial given
in Section 4. Some of the material complementsthetutorial in Section 4, but someisredundant. An
effort is made to suggest the possibly redundant nature of passages with appropriate headings. For
exampl e, the section bel ow on editing datahas been covered to some extent in thetutorial in Section
4. As VP has evolved substantially over its development cycle, in some cases the material may not
reflect the most recent changes and improvementsto VP.

The sample problems given here are avail able with the VP setup CD and are ready to run.

6.1  Oil well problem

Thefollowing problem isbased on caseswhere offshoredrilling rigsaredischarging effluent
as a by-product of the drilling exploration process. The industry wants to run severa cases to
determine the effects created by varying the effluent density and flow. The problem provides an
opportunity to compare the single-port models, UM3 and DKHW.

ThisprojectisontheVisua PlumesCD asaprepared example (Oil wells.vpp.db), however,
it is described here as if it were developed from scratch. It is up to you whether you want to start
from scratch or not.

Editing data

Some of the fundamentals of editing data are presented in Section 4. The hints here
recapitulate and expand on the topic.

To overwrite a value a existing value, enter the cell and type the new value before doing
anything else. Editing an existing value requiresfirst selecting the cell and pressing <Enter> to put
the cell in edit mode. The standard editing keys, like <Home> or <End>, may then be used to move
about the cell to change or add characters. After first exiting the cell editing mode, for example, by
clicking on another cell, the entire row may be deleted by holding down the <Control> key while
pressing the <Delete> key.

Editing data with popup menus

When the cursor is in the diffuser or ambient tables, a Delete preceding lines

right-click of the mouse brings up a popup menu, which includes = Eelete this and Fallowing lines
optionsfor thewholesale del etion of rowsof data(Fig. 6.1). Another  Fani: pitch

optionisFont pitch. Thisisauseful optionwheninput valuesaretoo = yeln

large for the boundaries of the cell. However, notice that values can
usualy be examined in their entirety in the Parameters for selected
row list on the Diffuser tab by selecting the cell to be examined.

Zancel

Figure 6.1 Popup menu,
diffuser and ambient tables.
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Units conversion and the Label only option

The first column in the diffuser table is for the port diameter, —llnits Converzion—
whi ch ig 11.75 | n. Before entering the value onewould changetheunit | Coreert data
by C||Ck| ng onit. r: th ........ | e

Thesecond columnisnot required (it isreserved for theconduit iLADE! Oril
depth used in PDS) but has the units of meters. The fact that the .'El
column is not required may be ignored to illustrate the Label only
option. For the sake of practice, without first changing the unit, enter
avalue of 11.75 into this empty cell and then imagine that you filled in an entire column of values
before realizing that the units do not match the data. To change meters to inches without affecting
the inputted values in the column, click the Label only option on the Units Conversion panel (Fig.
6.2). Then click on the units cell in the column with the newly input value and select the in unit. In
response to this command only the unit label changes, as desired.

After the label has been corrected, be sure to return the Units Conversion panel back to the
Convert data mode. When done the test value may be del eted.

Figure 6.2 Units options.

Oil well diffuser and effluent input conditions

This is a multi-run problem (effluent flow and effluent temperature vary). The following
values describe the produced water discharges.

° Port diameter 11.75in

° Port elevation 50m

° Vertical angle 90deg

° Horizontal angle 90deg

° Number of ports 1

° Acute mix zone 10m

° Chronic mix zone 100m

° Port depth 50m

° Effluent flow 10000, 6000, 2000bbl/day
° Effluent salinity 3lpsu

° Effluent temperature 16.46, 38.49, 74.96C
° Effluent concentration 100ppm

The base case should look like Figure 6.3. Remember, to change the units (flow and
concentration) before entering the rest of the data.

Diffuser, Flow, Mixing Zone Inputs

nir

Part
elevation

Hor
angle

Humof - |ndr nit nit Acue  |Chronic

parts

WYerical
angle

Poit nir

diameter

Pt |Efflert |Efflent [Effuent |Effient
depth  |flow  [saliiy(?) [temp |cane

M m deg deg m H B g m m m bblid  psu C laly
JD.29845 30 a0 a0 1 10 10a 500 10000 i leda 100

Figure 6.3 Oil well project base case for given input conditions.

i Z0ne | mix Zone
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Adding other cases

Again, the purpose of the study is to determine the dfeds of flow rate and densities
(effedively, salinity andtemperature) on dlutions. To oltain apermit to buld or operate an oufall,
it isnecessary to establi sh limitsonflows, if any, that will med water quality criteria. To determine
the dilution, a concentration, d the diff erent eff luent flows at varying densiti es, the user might set
up various cases representing the range of condtionslikely to be encourtered. In thisproblem there
arethree dfluent flows, ead with threediff erent densities, nine caesin all. The two columnsthat
will need additional inpu valuesrepresenting arethe dfluent flow and density columns, bath found
in the green sedion d the diff user table.

The easiest way to add these valuesisto click onthe clumn that requires additional inpu,
using the down-arrow key to creae anew line. Thefirst column chaosen isthe Effluent temp column
(it could just as well be the Effluent flow column). By changing the temperature of the dfluent the
implied density changes as well, salinity held constant. The following valueswill be inpu into the
eff luent temperature column going from top to batom: 16.46, 38.489, 74.961, repeaed two more
times.

Finaly, under the dfluent flow column, go down to the fourth line and type in 6000
(bbl/day). VP interprets this to mean that the first three caes have the same flow. Beginning with
the fourth case, it will use dl of the input values from the base cae except the dfluent flow and
temperature. Reped the procedure onthe seventh li ne, entering 2000. Thereshoud be atotal of nine
lines in the diffuser table. Clicking onthelast line dter scrolli ng the window will show Case 9in
the Parametersfor selected row panel. Don't panic when the base caeisnolonger visible, it is dill
there, however, when moving from row to row, pressthe Parameters for selected row button to
update the variablesin the pandl.

Useful parameters

The Parameters for selected row panel shows useful information. The densimetric Froude
number is a key similarity parameter that gives information abou the relative importance of
buoyancy and momentum on dumerise. A low value, espedally one lessthan unty indicaes the
plume is dominated by buoyancy, a large value, commonly 10 to 100, indicaes momentum is
dominant. A value of unity represents condtions nea the paint at which haizontally discharged
effluents begin to nolonger fill the nozzZle. The buoyancy is © gred that the dfluent squeezes
throughtheupper portion o theorificeleaving spaceunderneah the exiti ng flow for ambient inflow.
This processcan radicdly ater the performance of the diff user. Flex valves offer away to increase
the Froude number.

The panel also reports effluent density and velocity. These ae frequently of interest. The
latter is sometimes an indicator of internal diffuser hydraulics. Low pipe velocities can lea to
deposition within the pipe which will then alter the distribution o port velocity in multi-port
diffusers.

As ore uses the tab key to move from column to column in the diff user table, the valuesin
the panel change. Thisoff ersaway to seethe value mnverted into the primary units, if the mwlumn’s
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unit is something other than the primary unit. Thisis useful because the base case may be out of
view.

Salinity, temperature, and nascent density

If you wonder where the temperature used in this problem came from, the answer is from
density. In the original problem, neither effluent salinity or temperature were provided. Thisisa
problem from the viewpoint of the nascent density effect because buoyant brines can become
negatively buoyant asthey risethrough the water column and entrain ambient water. Whilethe non-
linearities in the equation of state may not be important in some cases, it is aways best to specify
both salinity and temperature. Therefore, supposing it is known that temperature is the variable
determinant of density, VPinput isbased on the presumption that aguess of the value of salinity will
probably lead to better results than using a linear equation of state. (A similar argument holds if
salinity isthe variable determinant of density.) Thelinear equation of state essentially assumes that
the mixing process results in densities that fall on the straight line that can be constructed between
the ambient and effluent densities on a density diagram. Thisis not generally a good assumption.

This problem isintended to be instructive. No

In this problem the density for the base case was 22.60;, or 1022.6kgm. This is easily
established by clicking on the units (remember to revert to the Convert data option on the Units
Conversion radio group, Figure 6.2). The salinity was not given but it is known that it isin the
neighborhood of 31psu. (It could be 33psu, in which cases the temperatures would need to be
readjusted to produce the desired densities.) To establish the original densities for the other cases,
it would be necessary to first input 31 (psu) in the first three cells in the column to force VP to
convert that cell to adensity value. The corresponding densitiesare 15.60- and -4.40-. In converting,
VP may report -4.400040, for -4.40;. These conversion errors occur because VP uses a Newton-
Raphson method to solve the highly non-linear equation of state when converting from temperature
to density.

Notice the process of changing salinity units causes the column header to change to density
if adensity unit is selected.

Substitute diffuser backup file

If you entered a number of 31psu values in the salinity column to see the conversion to
density, you may now wish to erase them. The normal way to do this would be to erase each cell
individualy.

Inthis case, if you started this problem from the prepared case (i.e., you did not enter al the
input values from scratch), and, you have not otherwise modified the file since it was opened then
VP gtill has the original backup file for reference. To re-establish the backup file one may use the
Substitute diffuser backup file from the Edit menu.
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Multiple runs

To set VP up for multiple runs, the Sequential, parse ambient case selection radio buttonin
the Case selection panel should be highlighted. This selection will run the cases from the top to the
bottom on the Diffuser tab, but will only do so with the ambient table indicated on the ambient tab.
(If there were case number ranges after the filename, it would also select the appropriate ambient
files for those cases, after parsing or extracting that information from the filename.) The Model
configuration checklist aso should be checked as appropriate. For this problem requiring estimates
at themixing zoneboundary set at 100m, the Brooksfar-field solution option should be sel ected. The
Graph effective dilution option may also be checked. The After run go to radio group options may
checked and changed, for example, to Graphics. The completed diffuser tab should look something
like Figure 6.4.

iject IC:\Plumes\Dil wells Arihicnt e st ﬁfter.run gototab Model Configuration
Filename Cases P E'HE_SBIt 2 Erool}:s ff?r-figld s;:ut@on
; ] C-APlumessOil wells. 00 ol v (Graph effective diution
PR n L APlurnesh Ol wells 007 7o
Pro_]ecj: CA\Phumes\Od wells" memo C\Plumes'Dil wels 001.db € Special ~ Awerage plume boundary
11.75m potts (= 0.29845m)  Text 4 A!'nb. current vector aweraging
curtent 11, 5cimfzec % Graphics _ Tidal pollution buildup

Same-levels ime-series input

|Units Canwersion—
% Convert data r Case selection——————
€ Label arly % Baze or selected case
= € Sequential, all ambient ist
E " Sequential, parse ambient
I o Al combinations

open water dispersion coeff. = 0.000462

Diffuser, Flow, Mixing Zone Inputs
Fart nt Part Yertical |Har Humaf - |nd nir nér ndr Aeute | Chionic | Park Effluent |Effluent |Effluent  |Effluent
diameter glevation |angle  |angle  |ports mix zone |mix zone |depth | flow zalinity”] [temp  |oconc
m m deg deg m min hr hr m m m bbl/d pau [ ppm :
M 1173 30 o0 o0 1 a0 200 500 10000 310007 1644 100 (=
| 38,439
4] 74961
H a000 1646
i 38 480
i 74961
4| 2000 16.46
38 489 j

Fiéure 6.4 Completed Diffuser tab for the Oil well problem.

Oil well ambient input conditions

The discussion about the linear and non-linear equations of states given in the section
Salinity, temperature, and nascent density isnot repeated here. Once again, the ambient temperature
isestimated simply to define the problem in terms of the more accurate non-linear equation of state.

The corresponding ambient input val ues are given below. Once again, remember, to change
the units (salinity/density column and concentration) before entering the data.

° M easurement depth or height 0, 50, 100m
° Current speed 0.115m/s
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° Current direction 90deg (same as port discharge)

° Ambient density 25.1, 25.6, 26.1sigmaT (o;) at depth

° Ambient temperature 15C

° Background concentration 0 ppm

° Pollutant decay rate Os-1

° Far-field current speed 0.115m/s

° Far-field current direction 90deg

° Far-field diffusion coefficient 0.000462m0.67/s2, m*®*s?in more elegant
format

Thedischarges are discharged about from mid-depth from platformsin water of about 100m
depth, so the input depths are redlistic.

Fromthevalue of zero inthefirst column, first row, it is apparent that the values are depths.
Ambient datawas apparently collected at depths of 50m and 100m. The bottom density value would
not be required if the salinity Extrapolation (btm) is set to Extrapolated. The completed ambient
table should look like Figure 6.5.

Ambhient Inputs

Measuement |Cument Cument Anbint Ambignt Backoround | Pollutant Farfield Farfield Far-ield

depth or height| zpeed direction dengityl’] temperature | concentration |decayratel*] |cument speed [cument diect | diffusion coeff
Diepth o Height depth depth depth depth depth depth depth depth depth
Extrapolation [sfe) conztant constant constant conatant constant constant constant constant constant
Estrapolation [btm] congtant congtant constant constant constatt constant constant constant corstant
Weasurement unt — m m's deg sigmal E ppm &1 m's deg mi 67452

0 0115 a0 251 15 a I 015 a0 n0004a2 |
!i i 30 55
100 2.1
Anbiert file st

Filename

Ol wells. 001 b

Figure 6.5 Completed ambient table for the Oil well problem.

Completing the Special Settings tab

The Customgraph coords. radio button cluster on the Graphics settings panel allowsoneto
specify the coordinates of the custom graph. By defining the abscissa and the ordinate, the x and
y-axis, respectively, acustomized graph can be created. For the sake of practice, the plume diameter
versus distance al ong the plume might be selected. Click on the Abscissa () radio button and sel ect
y-posn (both the discharge and current arein the y-direction, 90 degrees from the x-direction). Then
click on the Ordinate 1 (x) button and select P-dia.
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To avoid cluttering the 4-panel graphic, the starting case and maximum number of graphs
to be plotted may be specified as shown in the Sart case for graphs and Max detailed graphs edit
boxes (starting case 1 and number of cases 3). The completed Special Settings tab should look
something like Figure 6.6.

Running the models

The models appropriate to this problem are UM3 and DKHW because they are the only
submerged, single-port discharge models in VP. Figure 6.7 shows that UM3 is the target model,
hence the square blue icon with the yellow plume on the diffuser or ambient tabs might be used to
run that model. Alternatively, the hot key, <Ctrl U>, could be used to run UM 3. The 4-panel style
graphics are shown in Figure 6.7. The display has been customized according to Section 2.2.5.

Diffuzer port conbraction coefficient I 1 |

— Output medium
* Text Output tab

" Output ta file

Light absarption coefficient IO_ 16 |
FDS sfe. model heat transfer
= Low i+ Medium = High

Graphics settings

— Stple
i~ d-panel
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 custom

— Custom graph coords. —
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Start case for graphs

Custom wariables

Max detailed graphs

£ [

g i

NRFIELD/FRFIELD input variables

Selection List

Selected Variables
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4/3Eddy
Dilutn
Vo[t

LIt 3 output each 77 steps il[j |
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Figure 6.6 Completed Special Settingstab for the Oil well problem.
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Figure 6.7 4-panel style graphics for the Oil well problem. UM3 model predictions, cases 1-3.

Summary graphics

To continue with the comparison, the DKHW model M

should be run next. First go to the graphics tab and select 2
(blue) from the Series radio cluster. Next select (run) DKHW
fromtheModel smenu. The DOSwindow will appear whichwill
automatically close depending on Windows system settings, or,
it may haveto be dosed manually after the word “finished”
appears in the DOS window’ s titl e bar. Because the manner of

X

Wait: For mirimized D035 window ta finish,
then close it bo continue

thewindow closingisunknown, VP displaysthe messageshown Figyre 6.8 DOS close message.
in Figure 6.8 as areminder to close the DOS window after the

finish message appears. The summary dilution graphic is shown in Figure 6.9. Note that the mixing
zone va ues (triangles) have been cleared off the display with the Clear 1b and Clear 2b buttons.
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Mearfield and Mixing Zone Dilutions
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Figure 6.9 A comparison of UM3 (red squares) and DKHW (blue diamonds).

Figure 6.9 demonstrates the potential value of Visual Plumes as away to compare different
models to lay the foundation for model improvement. The substantial differencesin runs 3-6 are
current topics of investigation. From continuity it might be concluded that the UM 3 predictions are
more correct for the three middle runs than is DKHW. But, to make a value judgement is not the
point of exercise, itisentirely possible that in some range of conditions continuity would favor the
DKHW model. Furthermore, DKHW may generally give better estimates of centerline dilutions,
compared to UM 3.

Theimportant pointisthat VP, asaplatform for competing models, can facilitatethe process
of modeling devel opment by identifying areas of disagreement. In the future, it isforeseen that this
capability will be further enhanced after the capability to display verification data together with
predictions is added.

Custom graph

To complete the discussion, note that the custom graph shows a zigzag curve of plume
diameter at maximum rise. The units are in inches, consistent with the units on the diffuser tab. To
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display the graphic in meter units, it would be necessary to change the Port diameter units on the
diffuser tab to meters.

In general, UM 3 displays the most compl ete graphics. For example, thereisno zigzag curve
for DKHW. The reasons are twofold, first, UM3 was essentially co-developed with VP whereas
DKHW is an independent application, and second, in some cases the independent models must be
modified to output the variables required by VP to plot specific graphics.

6.2 TheTidal Pollution Background Buildup Capability

Aslarge populations live in coastal areas and many industries are located there, discharges
to estuaries and tidaly influenced rivers and channels are not uncommon. Such waters are
significantly influenced by the tides, causing fluctuations in the velocity of the channel and even
periodically reversing the sense of flow, from downstream to upstream. If there are flow reversals,
then, even in the absence of diffusion, the conditions exist to cause a buildup of pollution from a
particular discharge in the receiving water. During periods of flow reversal, the receiving water
|oaded with pollutants from the sourcein question can travel upstream. On returning onthe ebb tide,
the polluted volume of water passes over the discharge a second time, or even multiple timesif the
freshwater dischargeisrelatively small compared to thetidal flow. Thus, the discharge participates
in raising the ambient pollution background, over and above what might otherwise be there dueto
the presence of other nearby sources or to natural occurrence or distant sources.

General theory

If these waters are reasonably one-dimensiona in character, VP has a simple way for
estimating the buildup of background pollution that is self generated. The general approach isfairly
simple, ignoring theinfluence of most of the channel details, at least upstream and downstream, and
dispersion on distribution of pollutants. It depends only on knowing the cross-sectional area of the
channel at the point of discharge and the water velocity in the channel as a function of time.
Consequently, it must be used with the time-series capability. At the source a representative reach
of channel is defined which should be small to prevent the discharge over a period of time from
being distributed over avolume of ambient water that is unrealisticaly large. That would tend to
underestimate the level of background. On the other hand, for the sake of memory (currently 200
bins of storage), the fetch length must be large enough to avoid overflowing the upstream end of the
array, sinceinformation of that pollution would belost. VP reports when the upper limit of the array
is exceeded, in which case the fetch length should be increased. If the fetch length is not increased,
one symptom of an inadequate fetch length is the maximum reported concentrations begin to
decrease after peaking (loss of pollutant). This might happen after building up to a maximum
sometime in after the first week or so of the ssimulation.

The terms bin, cell, and fetch length are used synonymously. The cell represents onein a
series of ambient water volumes that are continuously connected to define the tidal estuary.

6.10



Massconservation oy

The model is massconservative, however, an important underlying assumption is that no
redistribution of carrier water from the sourceis necessary. In ather words, all volume contributed
by the sourceis maintained in the fetch element to which it was discharged whenever that element
passes over the point of discharge until that element finally ceasesto passover the discharge dueto
the presenceof freshwater flow or until the fetch element readesthe wastline andfail storeturn on
subsequent tide g/cles. That isto say unratural water elevationscan beimplied by thisapproach that
would be diminated if the discharged water were routed by a hydrodynamic model. As a result,
comparison between measured and olserved concentrations at any given time may be alversely
affeded. However, over along period d time, considered statisticdly, the goproacd is expeded to
giveredisticresults. In ather words, whil e amodeled high concentration may not be observed at the
stated time, such a measurement is likely if flow condtions continue to foll ow the same pattern.

More sssumptions

This approac is most convenient when the sourceis isolated from other sources, so that
“natural” badkgroundis easily defined, and when the sourceis sufficiently far upstream so that a
fetch element does nat read the mouth of the channel during a single tidal cycle. If the natural
badkgroundis known, it may be entered as atime-seriesfile, unessit iszero or invariant in time,
in which case it may be entered as constant (at least at any given depth).

Setup

Themouth of the channel must be establi shed by spedfyingitsbin (array el ement) at the start
of thesimulation,acually, time zero, when the sourceis assumed to dischargeto element 100.This
is dore by estimating the volume of water existing between the source and the dhannel motith.
Dividing this volume by the fetch element volume results in the number of bins that must be
subtraded from 100to establish theinitial locaion d the channel mouth. If this number is greaer
than 100and it is known that afetch element can read the mouth within oretidal excursion, then
the length of the fetch element shoud beincreased to reducethe number of elementsto under 100.
However, if that is not the case, maximum resolution shoud be pursued with thefirst restrictionin
mind, in ather words, the upstream distance shoud be sufficient to avoid the lossof information
abou the mntent of the fetch at that terminus.

If tidal velocitiesarenot spedficdly recorded andavail abl e, they can sometimesbe estimated
or synthesized from knowledge of maximum current speedsunder known flow condtions. A simple
harmonic program might then be used to generate atime-series current record, including the dfed
of freshwater drift in the cdculation.

Also, since arrent velocity in VP is a vedor quantity, bah speed and dredion must be
provided. Speed must always reported as positi ve becaise diredion determines the sense of flow.
If current velocity is adually recorded, any diredion in a given 180 agree sedor will represent
upstrean flow and the remaining seaor will represent downstream flow. (Water movement is
reported in the diredion toward which it flows, oppaite the cnvention wsed for winds.) On the
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Settingstab the user specifiesthe central upstream direction. For example, for western coastlineand
achannel oriented west to east, 90 degrees would represent the central upstream direction.

6.3  Advanced application: time-seriesfiles

The following problem has two parts. Part one involves a conservative pollutant, meaning
that it does not decay over time. Part two involves anon-conservative pollutant that does decay with
time. Thisproblemisbased on apublicly owned sewagetreatment work (POTW) on the East Coast.
Thedischargeisseaward of tidewater, but consistsmainly of freshwater, in other wordsit discharges
into atidal river. The effluent has secondary treatment. It should be noted that in the second part the
effluent concentration of bacteriaof 1,000,000 colonies/100 ml, whichisusedinthisproblem, isnot
realistic for secondary treated waste. A high valueis chosen to demonstrate theinterplay of thetidal
background pollutant, the pathogen model, and the total concentration. The POTW analyst wants
to run a number of cases to determine the concentration of both the conservative and
non-conservative pollutants over time. In order to meet regulatory requirements, the POTW must
demonstrateit can meet water quality criteriato beissued adischarge permit not requiring additional
treatment.

The projects are bundled with the VP software and are called MD_metal and MD pathogen
respectively.

6.3.1 Conservative pollutant

Diffuser table input

To set up VP to show all column headers that are relevant to a time-series application, the
Tidal pollution buildup option should be checked on the Model Configuration checklist.
The diffuser and flow input values are given as follows:

° Port diameter 0.1m

° Port elevation 0.2m

° Vertical angle 90deg
° Horizontal angle 90deg
° Number of ports 12

° Port spacing 0.455m
° Starting time 1s

° Ending time 720 hours
° Time increment 0.5hr

° Acute mix zone 10m

° Chronic mix zone 50m

° Port depth 5.79m

6.12



° Effluent flow leave this column blank. The effluent flow is changing over time, therefore,
atime-seriesfile will represent the values.

° Effluent salinity Opsu
° Effluent temperature 28.42C
° Effluent concentration 65ppm

Creating diffuser table time-seriesfiles

Time-seriesfiles are created in spreadsheets or word processing programs and are brought
into VP as ASCII files. In other words, when you save the file in aword processing program using
save as option, choose the Save as an ASCI| file delimited text option. Save the file to a name that
has the same name as the project, and a suffix the same asthe type of datafile. For example, inthis
case, thetime-seriesfileisfor effluent flow. The extension for flow isflo, therefore, the full name
should be MD_metal..flo.

There is astandard format that must be followed when creating time-series files. The first
lineis aways a header line. On the header line, the first number isthe timeincrement used for this
time-seriesfile. Thiswill be dictated by the measurement time interval of the data provided by the
POTW. The time increment is assumed to be 1.0 hour. The second value on the header lineisthe
number of recordsin thefile. Here adaily record is assumed to be available, hence 24 records. The
next value on the header line is the unit of measurement, literally the unit as it is spelled on the
appropriate unit popup list, m3/s. Following the unit isthe optional name of the project followed by
its extension.

The next line should contain the flow at the start time (in other words, starting at time zero)
and proceed with flows on each line representing the flow at the increasing time increments. For
example, thefirst five lines (the header line and four data lines) should look like the following list.

A fragment of the effluent flow input file

1.0 24.000 m3/s MD_metal.flo
0.155

0.170

0.194

0.225....

There should be 20 additional lines of flow input representing the flow over 24 hours. If the
model is run for atime that is longer than the number of records present in the time-series, the
records recycle, starting over at the beginning. In this case because the number of recordsis equal
to a 24-hour period, the 25th hour period (the next 24-hour period) starts back at the beginning
record.

After saving the effluent flow file as an ASCII file with the name given aboveit isready to
link into the project. To do so click ontheclick for filein the cell under the Effluent flow 1abel in the
Time SeriesFiles(optional). Be surethat the borrow referencestheright project path and name, e.g.,
c:\plumes\MD_metal. Click on the borrow edit box to navigate to the right project if necessary.
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Diffuser, Flow, Mixing Zone Inputs
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Figure 6.10 A composite of diff user tab comporents showing inpu values, memo naes, model
configuration settings, barrow window reference, and flow fil e linkage.

The diffuser tab shoud look something like Figure 6.10.

The Tidal pollution buildup option

The Tidal pollution buildup optionmust be thedked to prepare VP for running the pall utant
buil dupceapabilit y. The Graph effectivedilution shoud a so be thedked becaiseit i santicipated that
the badkground pdl ution concentration will nat be zero, therefore, the dfedive dilution is most
meaningful if the focusis concentration, and nd simply volume dil ution. The buildupcapability is
only valid for recaving water that is substantialy one-dimensional in charader, hence the Amb
current vector averaging optionshoudalso be dhedked. Vedor averagingisappropriatefor thiskind
of current.

The Same levels time series input option

The Same levels time series input option is an important option that, when appliceble, can
gredly reduce UM3 exeaution time, which can be an important consideration when runnng
hundeds or thousands of cases. This option may only be used if the anbient time-seriesfiles all
report data & the same depths. Thisistruefor thisexample so the optionmay be thedked. Note, this
optionisnat recorded inthe projed’slist fil g, it must be dhedked every time VP isrestarted and the
pollutant buildupcapability isinvoked. VP reminds the user about the option if more than 100runs
areindicaed.
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Ambient table input

Input values into the Diffuser and Ambient tabs. The values used in this example problem are:

° M easurement depth or height 0and 5.79m
° Current speed Leave blank, input from time-seriesfile
° Current direction Leave blank, input from time-seriesfile
° Ambient density Opsu
° Ambient temperature 28.4C
Ambient Inputs

Meazurement | Cumnent Current Ambient Ambient Backoround  |Follutant i a8

depth or height] zpeed direction galinity terperature | concentration | decay rate(*]
Depth or Height depth depth depth depth depth depth dept
Estrapolation [zhe] constant constant constant constant conztant conztant Con
E stiapolation [btm] conzstant constant constant constant constant constant Con;
Meazurement unit m m's pELl C calddl w1 mds

0 0 284 0 0

R e

Figure 6.11 Ambient table input, current speed and direction columns are blank pending time-
seriesfilelinking..

° Background concentration Oppm
° Pollutant decay rate Os-1

The ambient table should look something like Figure 6.11. Notice that the current speed and
current direction columns are left blank pending time-series files being linked in.

Creating ambient time-series files

Thetime-seriesfile may be created in the same manner as above and saved asan ASCII file.
The naming of ambient time-seriesfilesisalittledifferent thanitisfor the diffuser time-series. The
base name for time-seriesfiles is the ambient table file name in which the db extension is replaced
by a three-letter extension specifying the variable contained in the file. See section 3.4, Files and
Filename Conventions. The names are MD_metal .001.spd and MD_metal .001.dir.

The Ambient time-seriesfileshave astandard format that isslightly different than that of the
Diffuser time-series files. The first line is similar with the first value being the time increments,
followed by the number of recordsinthefile, followed by theliteral name of the unit. After that, the
Ambient time-seriesfilesdiffer fromthoseof the Diffuser tab. Differencesinclude: the measurement
depth or height, extrapol ation information both at the top of the water column and the bottom of the
water column, the units of the depthsat which the measurementswere made, the depth in those units,
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and the file name. If the value is O after the units, the data is assumed by VP to be depth-based
(referenced from the surface), a positive value would indicate that the input is height-based
(referenced from port depth). For example, the first six lines of this current speed time-series file
would appear as follows:

0.5 1920 m/s 0 constant constant m 0 5.79 MD_metal .001.spd
0.1659 0.1659

0.3155 0.3155

0.4462 0.4462

0.5498 0.5498

0.6196 0.6196....

Do not add blank lines at the end of thefile.

As you might have noted from the first line of this time-series, there are 1920 records (or
rows of data) in this file. There are that many different current records. Tida currents cycle
approximately over alunar month (although thelunar-sol ar cycleismuchlonger, approximately 18.6
years). The value of 1920 derives from the longest period in the synthetic record. To use the
time-series file that has already been created for these different currents, click on borrow edit box
and navigate to the appropriate time-series reference file, here MD_metal .001.db. The time-series
filefor thecurrent directionis set up the sasmeway. Both arelinked in clicking on the corresponding
click for file cell.

The completed ambient tab should look something like Figure 6.12.

Ambient Inputs
Meazurement | Current Current Ambient Ambient Background  [Pollutant nt et |na’r |
depth or height] zpeed direction zalinity temperature | concentration | decay rate(?]
Diepth ar Height depth depth depth depth depth depth depth depth
Estrapolation [sfc] constant constant constant constant constant constant constant constant constant
E strapolation (btrm) constant constant constant constant constant constant constant constant constant
Meazurement unit m i m psu E col/dl z1 mis deq mi.67/s2
_>_| 0 0 0 0 224 0 0 :
E | 579 579 579
Bimbiert file ligt
Filename
PAD_metal 007.db 11
Time-Series Files (optional) Rorrow time-series files from project: |C:\PlmestMD_metal 001
Time-zenies filename C:APlumesihD) click for fle  click for file click forfile  click for fle  click forfile click for file | click for file
Time increment [hrs] 05000 05000
Cycling period 1920.0000 © 1920.0000
File: meazsurement urit més deqg

Figure 6.12 Foreshortened ambient table showing current speed and direction time-series files
linked.
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Specia settings

TUV3 tidal pollutant buildup parameters

When the Tidal pollution buildup option is ;
checked, the UM tidal pollutant buildup parameters || Chemelwidnim  [42.98
panel components becomes visible on the Special Chanrelseg kngthim]  [250
Settings tab, as shown in Figure 6.13. The important
variable determined by the actual channel isthechannel =~ Upstieam dir [d=g] [90
width. The product of the channel width and the depth of T .
the channel should equal the cross-sectional area of the et :
tidal channel. Based on this area and the average depth  Coast concentiation [0
gfe tzggganr]mel (5.79m) the channel width iscomputed to T D

The upstream direction is also fixed by the
geometry of the channel. In this casethefreshwater flow
at the diffuser is approximately from east to west, hence — :
the upstream direction is 90deg. This variable should be Figure 6.13 The UM3 tidal pollutant
determined by the position of the current meter which, Puildup parameters panel.
ideally, islocated near the diffuser.

The discharge islocated at bin 100, there are 100 bins upstream and 100 bins downstream
of the source. In this example the discharge is about 20 miles upstream, more than the distance of
asingletidal excursion, hence the coast bin is set to zero. In general, the position of the coastal bin
is computed by dividing the mean downstream channel volume by the mean volume of a single
channel segment. The volume of the channel segment isthe product of the cross-sectional areaand
the channel segment length. If the downstream volumeis less than 100 segment volumes, then the
coast bin is identified correspondingly. For example, if the downstream volume is 50 times the
channel segment volume, then the coast bin is 50.

The concentration at the mouth of the channel may be specified in the Coast concentration
edit box.

Internal array cells uged =

Comments on optimizing UM3

The most tedious part of using the Tidal-buildup-of-background-pollution capability is
determining an optimum segment length, which isdone by varying the channel segment length. The
key point to remember is that for the highest resolution the number of cells used should approach
the number of cellsavailable, viz. 200. Thisisatrial and error process. VP providesfeedback on the
number of array storage cells actually used in the smulation. A large value, but one less than 200,
199 would be optimum, indicatesthat no valueswere ever discarded at the upstream end. Thisisthe
most mass-conservative approach. However, for many hours of simulation, the lowest effective
dilution will not always be associated with thelargest number of cells. Thisisdueto thefact that the
cell that contains the highest background may never
again crossthediffuser at atimethat correspondsto the

. . . Internal aray cell: uzed = 193
simulation time of any subsequent run.

Figure 6.14 Optimum tidal resolution.
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In this example, aprocess of trial and error result in the maximum number of cells, 199, as
shown in Figure 6.14, indicating the optimum resolution.

Tidal buildup capability caveats

In the big picture, this capability should not be seen to be a substitute for actual, measured
background pollutant data. Rather, this capability is useful when measurements are unavailable or
for planning purposes. The pollutant-buildup capability doesnot includedispersiveand other effects
that will influence pollutant concentrationsin tidal rivers.

The custom graph

For alook at the synthesized tidal current speed the Amb-cur can be specified asthe ordinate
on the Graphics settings panel on the Special Settings tab.

A UM3 simulation

Figure 6.15 shows the results of the UM3 simulation. The effect of pollutant buildup is
apparent. During the first couple of days dilutions show a regular pattern of high dilutions during
times of maximum currents and relatively low dilutions during times of low currents. However, as
background concentration increase, the effective dilution shows a steadily decreasing trend.
However, after about 10 days (500 half hour periods) the effective dilutions show an increasing
tendency.
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Mear-field Dilutions
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Figure 6.15 Month-long simulation showing the effect of tidal recirculation and background
pollution buildup on effective dilution. Note customized graph title (which is not maintained in
thelist file).

The reason for the increasing tendency in effective dilutions in the middle of the period in
Figure 6.15 can be understood by studying the current speed plotted on the custom graph, Figure
6.16.
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Current Speed
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Figure 6.16 A thirty day record of the synthesized tidal current speed in the channdl.

Figure 6.16 shows the ambient current responding to daily ebb and flood tidesin addition to
monthly spring and neap tides. Thetendency for effectivedilutionsto increase beginning about hour
300 (12.5 days, or at case 600) is associated with the transition from neap to flood tides. The steady
freshwater flow is sufficiently low that increasing flood tides temporarily increase the effective
dilutions.

However, the minimum effective dilutions occur around hour 500 (case 1000) as each
successive tide becomes weaker.

6.3.2 A pathogen

Thedifference between anon-conservative pollutant and aconservative pol lutant isthe decay
time, represented in VP by the Pollutant decay rate column on the ambient tab. Conservative
pollutantsdo not decay with timewhereas non-conservative pollutantsdo. Pathogensarean example
of anon-conservative pollutant, which may decrease, or occasionally increase, with time. To create
anew project that contains many of the valuesfrom aproject that has previously been created, open
the previously created project, which in this case will be the project created for the above exercise.
If starting from scratch, immediately after opening the MD_metal project, renameit MD_pathogen
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using the Save project as command. Alternatively, the project ison the Visual Plumes CD and may
be opened directly.

Changes to the diffuser tab

A couple of minor changes to the diffuser tab are to the project memo and to the Effluent
conc column. The effluent concentration amillion col/100ml. In general, this column might be the
primary candidate for linking to atimes-seriesfile, projectswould then be associated primarily with
the pollutant of concern. Thisisreflected by the modifiers metal and pathogen for thesetwo related
projects.

Effluent flow borrow files on the diffuser tab

While there are reasons to separate pollutant constituents under different projects, many of
thetime-seriesfilesarelikely to be shared by projects. Such filesshould not be duplicated under new
names simply because the new project will search for time-series files using the new project name
as areference. This is the purpose of the Borrow time-series from project edit box, to specify a
project from which to borrow time-seriesfiles. When UM3isrun, VP will establish the time-series
filesto link to the project. If atime-seriesfile for the identified variable is found under the project
reference, that file is linked in. For the time-series file that name would be MD_pathogen.flo.
However, if MD_pathogen.flo is not found, then VP will try to find atime-seriesfile referenced to
the borrow project, i.e., it will search for MD_metal .flo.and link it to VP if the file exists.

Asit still applies, thisis agood point at which to check the Same-levels time-series input
option. The relevant portions of the diffuser tab are shown in Figure 6.17.

The Pollutant decay rate time-seriesfile

The hardest part of the project is to create a time-series file for the Pollutant decay rate
column. Thishasbeen done; thefileMD_pathogen.001.rat isincluded ontheVisua PlumesCD and
should beready to link to the project. The beginning contents of thefilewith annotations, added here
but not found in thefile, initalics are listed below:
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After run go to tab Model Configuration

Project |C:'Plumes\MD_pathogen Amhbignt file list ;
| Filerane Cases ; E'HE_Sert _ Brooks farfield solution
: = 3 ' : AL e meh bATY b bm i T Mol W
Cloliform pellution on a tidal river lel{ed files for gﬁﬂuent C:4PlurnesiD_pathagen.001.db B ! gi’i?g;”pelm’:ggﬂmgw .
flow, current speed, current direction, and decay {in O ¥ Amb. current vector averaging
langleys/hr, the Mancini model using solar insolation ' Graphics ¥ Lepdhien bldis

— Samelevels ime-senies input

|nitz Corversion—
% Corwetdata | - Case selection——————
" Label only % Base of selected case

= " Sequential, all ambient st
" Sequential, parse ambient

e gl
| T All combinations

[representing the effect of UV radiation])

Diffuser, Flow, Mixing Zone Inputs
Part nér Part Yertical |Har Murm af  |Part Ctart Ending | Time Acute | Chiranic :Fftﬁ_' &‘Hﬁ!ép@ E‘R&Jﬁﬁk E&Iuefit Ei'ﬂtm

diameter elevation |angle  |angle  |ports spacing |time time: increment|mix zone [mix zone |depth [flow|salinityl) Jlemp {cone
m m deg deg m g hr hr m m m mafs pau E col/dl

Iﬂ 01 1 02 o0 a0 12 0455 1 720 05 10 50 5.79 0 2242 1000000
Parameters for selected row | Time Series-Files (optional) Borrow time-series from project: |C:\PlumesthD_meta
Froude nurmber ?@’5 Eﬂk‘f&ﬁf E%IE%’ Eiﬁmht Emumt
Elf density [ka/m3] depth flow salinityl’] temp cane
Port vel [m/s] Time-zeries flename C:WPlumes\MD_mete click for file click for file click for file
Portz [] 120 Tirne increment (hrs)| 0.5000
Parts [] 120 Time cycling period 24.0000
Caze Mo, 1 Measurement urit | mads

Figure 6.17 Foreshortened diffuser tab for the MD_pathogen project showing flow file linked in.

Solar insolation time-seriesfile

0.5 476 ly/hr 0 constant constant m 0 5.79 MD_pathogen.001.rat

0 0
('six hours of no solar insolation )
0 0
1.76 0.18
534 053
11.7 117
200 2.00
296 2.96
40.0 4.00
504 5.04
60.0 6.00
68.2 6.82

Consistent with the VP implementation of the Mancini model (Mancini, 1978), the data
represent solar insolation given in langleys/hour.

I mportant note: The actual solar insolation at depth is function of the Light absorption
coefficient on the Special Settingstab, for awhich adefault value of 0.16 isgiven (see Figure 6.18).
Strictly speaking, the second column in the time series file is not required because the absorption
coefficient determines the reduction in light intensity with depth. The second column is included
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here so that al time-series input files consist of two
data columns to make it possible to take advantage of
the Same-levels time-series input option to speed VP
execution time.

Custom graph

To show how solar intensity varieswithtimeit
isuseful to add the Decay variableto the custom graph,
as shown in Figure 6.18.

UM 3 output

The UM3 effective dilution output for the
pathogen problem is shown in Figure 6.19. Again, the
graphical appearance of the output reflects customized
changes to the axes ranges. The corresponding solar
insolation is shown if Figure 6.20; it shows a basic

Additional model input

Diffuser port contraction coefficient |1 ‘

Light absorption caefficient |C|_ 16 ‘

Graphics settings

 Style
" 4-panel " concentration
= dilution £+ custom
— Cuztomn graph coordz, — .
- Absmssa (4] Custam variables

Start maze for aranks Max detailed Aranks

Figure 6.18 Composite graph of relevant
parameters on the Special Settings tab.

pattern of five sunny days followed by five very cloudy ones.
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Figure 6.19 Effective dilution predictions for the MD_pathogen project.
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Figure 6.20 Daily solar insolation pattern. Note, customized |abels that are not permanent.

Anaysis

The effective dilution pattern shown in Figure 6.19 is not as distinctive asisthe onefor the
conservativepollutant (Fig. 6.15). Thelack of patternisdueto thefact that the pollutant isconstantly
decaying in the background, thus the buildup of pathogen is not very great. The effect of the long-
term buildup of background pathogen is barely discernible except during cloudy periods
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6.4  Application of the surface discharge model, PDS

6.4.1 General commentsregarding the PDS (PDSwin.exe) model

The PDS model uses only a subset of Visual Plumes inpu variables. As with the other
models, most of these must be defined onthe Diffuser and Ambient tabs whil e the remainder are on
the Special Settingstab.

PDS asaumes a shoreline, crosssedionally redangular surfacedischarge. The variables
defining the discharge include Condut Width, Condut Depth, Horizontal Angle, and Region o
Interest (ROI).

6.4.2 Sample PDS problem

Inpu condtions

This problem investigates a thermal plume generated by cooling water discharged from a
power plant into a large lake. Discharge is from a channel perpendicular to the lake's dore. A
parameter of interest isthe distance dong the plume centerlineto the 2.0 deg C excessisotherm and
the total surface aeawithin it. A large region d interest (ROI) of about 8000m may be tried to
cgpture the 2 degree excesstemperature isotherm.

Input condtions for the problem are a foll ows:

° Discharge dhannel width: 30ft

° Discharge channel water depth: 41t

° Total discharge rate: 230MGD

° Discharge temperature: 27C

° Discharge salinity: fresh water, use 0.001 pu

° Discharge angle: 90 degrees (in the y-diredion)
° Ambient temperature: 13C

° Ambient salinity: 0.001 pu

° Ambient current: 0.005m/s

° Current diredion: paral e to shore (zero degrees)
° Surfacehed transfer: Low for conservative cae

AsPDS is asurfacedischarge model the depth of discharge is zero. The depth onthe first
row of the ambient table shoud also bezero. Asaways, asecndambient depth isrequired, assume
it is 10m. Therest of the secondrow shoud be left blank since PDS assumes well mixed ambient
condtions.

Go to the Special Settings tab. For a mnservative result PDS sfc model heat transfer
parameter may be set to low. On the Graphics settings panel, set the austom graphto dsplay plume
temperature versus distance, y-posn and Temp for the éscissa and adinate respedively.
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The diffuser and ambient tabs are shown in Figures 6.21 and 6.22. The relevant input
parameter settings on the Special Settings tab are shown Figure 6.23.

Project IC:\Plumeg\A PDS run S (.t’-‘lrter.run o to tab Model Lonhguration
Filename Cazes lefulser ~ Books far-field solution

Project "C:Plumes\ PDS run" memo £ \PlumestA PDS un D00 b 1 2 € Anbient ||~ Graph sffecive diton

LRIRE R i AR o " Special _ Awerage plume boundary

& Test &b, cument vector averaging
; ; : ; Tidal pollution buildup
A basic PDS run. Mote, port depth defined in meters ' Graphics e

controls the units on the output tabs. i e
@ Corwetdats | - Case seletion——————
(" Label oy & Base or selected case

" Sequential, all ambient list
" Sequential, parze ambient

IE:\PIumes\A PDS un000.db 12 . € &)l combinations

Diffuser, Flow, Mixing Zone Inputs
Pt Conduit |nd ndt Hor ndt ni ndr i ndr nd Chronic:

diameter |depth angle i 2ane [ !
ft m deg deqg m § hr hr m m m MGED psu [ ppb

4 30 4 ] 2000 0 2300 oot an 100
Parameters for selected row | Time Series-Files (optional) Borrow time-series from project: |C:\Plumesi4 PDS nn
Froude rumber 0302 :
Eff density (ka/m3] 39657617 dEpth i i |cone
Pt vel fmés] 0153 click for fle click for fle click for file click far file | click for file
P-dia [m] 31441 Time increment [hig
P-dia [f] a0.0 Time cycling period
Caze Mo, 1.0 Measurement unit |

Figure 6.21 A foreshortened diffuser tab showing A PDSrun project input.

Ambient Inputs
Measurement | Cument Current Aimbient fimbient nit
depth or height| zpeed direction zalinity temperatire
Ciepth or Height depth depth .depth dept
E'Htrapulafiu:in'[sfi:'] constant constant constant constant COn;
E{ctra'pcllatis:lh [blm] congtant canstant canstant canstant g
Measurement unit m m/s deg Pl C ppb
0 005 45 0,001 13
E b 10 %

Figure 6.22 A foreshortened diffuser tab showing A PDSrun
project input.
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Additional model input Text output settings
Diffuser port contraction coefficient 'n— | Selection List Selected Vanables
Light abzarption coefficient m— | ITemp v| Ej?bﬂj-cur L
PDS sfe. model heat transfer Temp
* Low  Medium " High ‘ Polutnt a
Dilutn
Graphics settings H-posn
— Siyle Y-post
{* 4-panel { concentration
" dilution £ custom

r— Cusgtom graph coords.
" Abscizea [x]

NRFIELD/FRFIEL | & Ordinate 1) =
" Ordinate 2 ) lTemp [

Cusztom variables

: I
Figure 6.23 A distorted version of the Special Settings tab showing
relevant PDS project settings.

PDS output
PDS may be runs from the Models menu or by pressing <Ctrl-P>. Depending on system

configuration, the DOS window may have to be closed when PDS is finished running. Figure 6.24
shows the 4-panel graphic display.

6.27



Plume Elesation Ambient Properties
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Figure 6.24 A foreshortened diffuser tab showing A PDSrun project input.

The most relevant project output is the custom graphic shown in Figure 6.25. Based on it,
the 2.0 degree excess temperature (15 C in this case) on the plume centerline is about 3400 m from
shore. (Surface plumes dilute much slowly than submerged plumes). VP output does not give the
areas within isotherms but the original PDS output does. This can be found by using a word
processing package or text editor to view the PDS.out filein the VP default directory; it listsamuch
more detailed output than the VP text output given below. At the bottom of thefile, you will see a
table giving surface areas within selected isotherms. For this example, you will see the 2.0 degree
surface i sotherm encloses an area of about 4,000,000 m?.
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Surface Discharge Temperature Decay
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Figure 6.25 Temperature vs. distance for A PDSrun. For one-time purposes, many of the
graphics display features have been modified for greater readability.

/ PDS surface di scharge nodel
Case 1; anbient file C\Plunes\A PDS run.000.db; Diffuser table record 1:

Cnduit wCnduit d H angl e RO Ttl-flo Eff-sal Tenp
(ft) (ft)  (deg) (m  (MD)  (psu) (O
30.0 4.0 90.0 8000.0 230.0 1.00E-3 27.0

Amb- cur Tenp Pol ut nt Dlutn X- posn y- posn

Step (nts) (9 (ppb) () (m (m

1 0. 05 27.0 5. 000E-8 2.0 -9.44 10. 56;

2 0. 05 26.35 4. 762E-8 2.1 -10.14 11. 34;
15 0. 05 21.79 3.135E-8 3.19 -22.05 25. 84;
28 0. 05 18.74 2. 049E-8 4.88 -61.63 84.7;
33 0. 05 18.17 1.845E-8 5.42 -82.3 121. 0;
93 0. 05 16.97 1.420E-8 7.04 -168.5 315. 4;
105 0. 05 16.88 1.387E-8 7.21  -179.0 344.9;
225 0. 05 16.11 1.114E-8 8.97 -286.7 782.0;
226 0. 05 16.1 1.111E-8 9.0 -288.1 790. 2;
367 0. 05 15.54 9. 200E-9 10.87 -340.1 1572.2;
368 0. 05 15.54 9. 183E-9 10.89 -339.9 1580.5;
536 0. 05 15. 07 7.599E-9 13.16 -190.6  2952.2;
542 0. 05 15. 06 7.559E-9 13.23 -181.2  3001.4;
788 0. 05 14.6 6.057E-9 16. 51 545.4  5499. 4;

6.5 Ocean outfall problem
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Badground

This problem represents an adual technicd assstance request, as it developed. Some
preliminary discussons are omitted. The amnail explaining the needs of a mixing zone anaysis
included suggestions:

"A good analysis will have dl the mandatory information onthe diffuser and flow: port
diameter, number of ports, pat spadng, verticd angle, bell or sharp edged pat, pat depth, eff luent
flow, effluent salinity and temperature, and effluent pall utant conc..

"For ambient, we will need at spedfied depths, salinity and temperature, current speed (and
diredion, if avail able), badkground pdlutant concentration, decay rate (if not conservative). If all
isn't avail able, we will haveto find aher sources or use estimates.

"Y ou say the goplicant doesn't have much data. If they did, we could talk abou time-series
files and more sophisticaed analysis.”

In resporse, the foll owing information was provided:

“Will youstill be aleto dotheinitia dilutioncdculationfor Sadog Tase WWTP? | am also
interested in determining what the dil ution fador would be 49 fed from the diffuser (i.e., a the
boundxry of the Zone of Initial Dilution unar 301(h) regulations) and 100meters from the diff user
(per the mixing zone dlowed under EPA's Ocean Discharge Criteria, 40CFR 125.121c)).

“I've been ableto track down thefoll owing informationfor the Sadog Tase WWTP outfall .”

Problem description

Data provided by the permit reviewer with comments by the analyst in italics. Note: some
parameters and condtions were changed to increase the instructive value of the problem.

1. Port diameter: 6inches. (From AS-BUILT drawing: Sewer outfal (off- shore) detail trench area
and dffuser assembly, DWG. NO. SH-0S-004,SHT. NO. 4/4.)
[English units should be reminder to change the units before inputting data.]

2. Number of ports: 6. Thelast threeportsare dosed (with ablindflange). The end d the diff user
isalsoclosed with ablindflange. (From AS-BUILT drawing: Sewer outfall (off- shore) detail trench
area and dff user assembly, DWG. NO. SH-0S-004,SHT. NO. 4/4.)

[ Some confusion about whether there are three open ports or six, therefore will do both analyses.]

3. Port spadng: 19.68fed. (From AS-BUILT drawing: Sewer outfall (off- shore) detail trench area
and dffuser aseembly, DWG. NO. SH-0S-004,SHT. NO. 4/4.)

4. Verticd angle: 90 degrees (?). Eadh patisonariser” which rises verticdly from the diff user

pipe lying onthe seafloor. The upper portion d ead riser makes a 90 degreeturn, so that when
viewed from the side (i.e., elevation view), diffuser ports open towards the viewer [therefore,
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horizontal discharge, not 90 deg]. The opening of each diffuser port aternates 180 degrees from
the adjacent port. (From AS-BUILT drawing: Sewer outfall (off-shore) detail trench area and
diffuser assembly, DWG. NO. SH-0S-004, SHT. NO. 4/4.)

[ Spacing is effectively 19.68ft if all ports are open, otherwise, twice that distance is assumed. Note,
for a diffuser with only three ports, end effects will be important if merging occurs.]

5. Béll or sharp edge port: The opening of the port is not a"square” shape, it isa "circle" shape.
Doesthismeanthat itis"bell" shaped? (From AS-BUILT drawing: Sewer outfall (off-shore) detail
trench area and diffuser assembly, DWG. NO. SH-0S-004, SHT. NO. 4/4.)

[ Note confusion about port shape; the sharp-edged port, assumed (see settingstab), could be tested
by changing the contraction coefficient to 0.61.]

6. Port depth: 49 feet below sealevel. (From 1995 NPDES application, Standard Form A.) [Note,
depth isthe basis of the size of the mixing zone in 301(h) applications.]

7. Effluent flow: 3.0 MGD annual average (1998); 4.8 MGD (average daily design). (From Mike
Leein fact sheet for 08/12/99 draft permit.)
[High flow is modeled.]

8. Effluent salinity: 1.7 - 19.0. (From 1992 301(h) application, pp. 45 - 46.)
[Asthisisan ocean outfall, thelower salinitieswill generally produce higher dilution. However, the
very high effluent dilutions appear to be outliers. Thereason for modeling 4.5psu no longer known.]

9. Effluent temperature: 20.0 - 30.0 degrees Celsius. (Estimated range from 1992 301(h)
application, pp. 44 - 46.)
[Permit reviewer and analyst decided to model the range, i.e., both 20 and 30C.]

10. Effluent pollutant concentration:

Enterococci: 3,000 #/100 mL [analyzed past holding time of 30 hours]
Nitrate-nitrogen: 4.6 mg/L

Total nitrogen: 2.19 mg/L

Orthophosphate: 0.71 mg/L

Total phosphorous. non-detect [error?]

Unionized ammonia: 0.23 mg/L

Copper: 8.4 ug/L (using RP approach in 1991 TSD, statistically est. as high as 62 ug/L)
Nickel: 1.2 ug/L (using RP approach in 1991 TSD, statistically est. as high as 81 ug/L)
Silver: 1.5 (using RP approach in 1991 TSD, statistically estimated as high as 11 ug/L)
Zinc: 58 ug/L (using RP approach in 1991 TSD, statistically est. as high as 429 ug/L)

[Each pollutant could be the basis for another project (sub-project).]
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NOTE: CUC (permittee) staff haveindicated that the effluent plume surfacesmost of thetime. This
is based on fecal coliform data collected at the surface above the outfal (i.e., they alwaysfind it at
the surface above the diffuser). Based on this assumption, do we need salinity and temp. data at
different depths, or isthisfine for afirst attempt modeling run?

[Information on stratification is not available but would be invaluable. Asit stands, all that can be
doneisto do a sensitivity analysis.]

11. Ambient salinity: 30 - 36 ppt.

12. Ambient temperature: 25 - 30 degrees Celsius.

13. Current speed: Assume 0.

[Zero current is not necessarily the most conservative assumption. Both zero and 5crmvsec currents
will be modeled. The higher current case will be assumed to have a small density stratification.]
14. Background concentration: 0.

15. Decay rate: ?

[ The pollutant modeled is Coliform. In tropical water a decay rate corresponding to a T-90 time of
one hour isfairly representative. With zero current, the travel time to the mixing zone boundaries

will be very long. A more realistic velocity might be 5crmsec.]

Comments about currents and stratification

Thisproblemisfairly typical of thekind of information availableto thepermit writer. Aswill
be seen, the available information often is not as complete as a scientist, or even, permit writer,
would like. For example, currents and density stratification aretwo variablesthat strongly affect the
initial dilution process, for which there frequently islimited data. After all, ambient sampling and
data collection is expensive. However, one of the strengths of VP is the ability to determine how
sensitive the problem may be to variations in conditions that are only partially specified.

You might try creating a project to analyze this problem on your own. The no-current
assumption is quite common, often being considered to represent aworst case analysis. However,
thefar-field current cannot be zero (the effluent must be able to moveto the mixing zone boundary).
Concerning the "worst-case" assumption, when the dilutions of interest are to be specified at fixed
distances, like mixing zone boundaries, the worst case may not correspond to the no-current
assumption, rather, to some higher current speed. It is easy to set up VP to determine likely
worst-case current speeds, as is shown subsequently.

The choice of graphing the effective dilution is actually irrelevant, since there is no
background pollution.
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Project C:'Plumes'Sadog Tase Aug 00

Ambient file fist
Filename Cases

An example potentially mvolving four flow
scenarios and two ambient mput files.

[C:\Plumes'Sadog Tase Aug 00.001.d8 11
C:\PlumestSadog Tase Aug 07.002.d011

and discharge |

Ambient scenario 1: no current, no stratfication.
Ambient scenarto 2; Scrnfsec, stmall stratfication

r After run go tatab
" Diffuser

" Ambiert

" Special

' Test

% Graphics

Unitz Convergion—

& Corwert data

Model Configuration

v Braoks farfield salution

" Graph effective diution

" Average plume boundary

" Amb. current vector averaging
" Tidal pallution buidup

1| Samelevels time-series input

~ Caze selection

" Label anly & Base or selected case
= | {7 Sequential, all ambient st
E " Sequential, parse ambient
!E:\PIumes\Sadog Tase g 00.001.db6 11 T Al combinations
Diffuser, Flow, Mixing Zone Inputs
Pot  |nA ot |Vertical |Hor Numof |Pot  [ndr nér n/r Acue |Chonic (Port |Effent |Effuent | Efflvent {Effluert
diameter elevation |angle  |angle  |ports spacing mix zone | mix zone |depth [How [salintyF) |tEmp {oone
_|in m it deg deq ft 3 3 3 _m ft MGD psu (65 col/dl :
4 f 3 0 0 6 1968 0] 100 49 43 45 300 17000 ~
300393
6 19468 20
3 33
[

Parameters for selected row | Time Series-Files (optional) Borrow time-series from project: |C\Flumes\Sadog Tase Aug 00

Froude number 5.4 Pat fﬁfhlmf Eﬁtuml Effuent [Effent
Eff density [kn/m3) 999,061 depth flow salrityl”) terp. canc
Pt vel [m/s 3843 Time-geries filename click for file click for file click for file click for file

Figure 6.26 Diffuser tab for the Sadog Tase outfall.

Diffuser tab representation

The diffuser tab is shown in Figure 6.26. Notice the association of severa ambient files
shown in the Ambient file list. Once these files are cloned from atemplate file, they can be added
to the list by right-clicking the Ambient file list window. Clicking on the name will then place the
selected file on the diffuser and ambient tabs where it may be modified as appropriate.

Creating new ambient files and editing the Ambient file list

To crete a new ambiet il fom the

ambient tab select the Save ambient file as add File
command from the File menu. VP will attempt to
. . AL add all xxx
increment the current filename. If that file is

Insert file

selected and aready exists, you are asked whether
to overwritetheexistingfile. Generally, itisagood
idea to edit the filename before accepting it.
However, if a name is overwritten, the filename
will appear twice on the Ambient file list. The
redundant name can be removed on the diffuser tab

by selecting the desired file and then right clicking Figure 6.27 Ambient file list edit pop-up
menu.

Insert all
Remove selected Files

Remove selected and Following Files

Help
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toreveal the pop-up menuin Figure 6.27. Choose the Remove sel ected files command to removethe
redundant filename from the list. Thefileis not affected, i.e., it is not deleted.

The unstratified ambient scenario

The unstratified ambient scenario is shown if Figure 6.28. For greater readability, the right-
click menu has been used to increment thefont size. The user may wonder why thiswas done above.

Ambient Inputs

Meazurement | Curent Curent fimbient Ambient Background  [Pallutant Far-field Farfield Far-field

depth ar height] speed direction zalinity temperature  [concentration |solarradn®] | curent speed |curent diect | diffuzion coeff
|| depth depth depth depth depth depth depth depth depth
| constant canstant canstant constant canstant constant constant canstant canzhant
|| constant constant conztant constant conztant conztant constant conztant conzkant
[ |m me's deq s E ppb mes deqg mil 6752

4 ] 0 0 29 20 0 52651 0.01 0 00003,
a0

Figure 6.28 Unstratified ambient scenario showing increased font size using right-click menu.

6.5.1 TheMancini bacteria decay model

The actua input to the
Pollutant decay rate column was one Meazurement |PDIIutant Pollutant ||
hour T-90 time (90 percent of the depth or height] | decay rate*]  ||f zolar radn(®)
organism will die in one hour). The '|Bepthor Height depth depth
unit wasthen changed to ly/hr showing E strapolation [sfc) constant constant [
that for the given conditionsof sali nity, E =trapolation (bt congtant constant I
temperature, and absorption (no effect Meazurement unit i T30k
as thisis a surface value), a one hour Qf 1 22651
T-QO .tl me corr&ponds to a solar E N 15 24 1 140 66
radiation intensity of 52.651ly/hr.

Some points should  be Figyre 6.29 Composite graphic showing a conversion

emphasized. The Mancini  model fyrom decay rate to the corresponding solar intensity.
(1978) can be used at different levels.

The UM3ismodel isthe only model that can dynamically implement the Mancini model at depth,
in other words, using absorption coefficient to modify the decay rate at depth. For the other models,
VPwill convert the solar insolation valuesto the primary units, per sec. Even VP will givedifferent
predictions depending on whether or not the Mancini model is implemented dynamically, which
happens when the chosen unit isly/hr.
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Figure 6.29 shows how a conversion from T-90 time to ly/hr works in the Pollutant
decay/Pollutant solar radn column. First inputting T-90 time values and then converting to solar
intensity units (ly/hr) yields the surface solar intensities required to cause the desired T-90 time at
depth. Thisshowsthe effect of the absorption of radiation inthewater column. At the surfaceit only
requires 52.65 ly/hr to produce a decay rate T-90 time of one hour, however, at 15.24m (50ft) it
would require 140.7 ly/hr to produce the same decay rate. In reality, the T-90 timewill increasewith
depth; bacteriain submerged effluent have a much better chance for survival.

Known bug. Thisexerciserevealed abug. TheMancini valueisnot properly converted when
the water column (first column on the ambient tab) depths are in units other than feet. Thus, before
using the Mancini model the water column depths should be returned to units of meters. The
Measurement depth or height columnisunique, to changeitsunitsonefirst doubleclicksintheblue
units cell.

6.5.2 Asaumptions, the user’'sdomain

Information provided by the analyst includes the assumption about an open-water far-field
diffusion coefficient. A valuethat isinwidespread useis0.000452. Hereamore conservativevalue
of 0.0003 is used.

The extrapolation (sfc) cell in the header grid above the ambient table shows that values
aboveand bel ow theindicated depthswill be held constant. However, if therewere additional entries
inany columninthefirst row, VPwill interpolate the indicated val ues between the given depths, but
extrapolate outside of those depths if the constant specification were changed to extrapolate.

Graphic output with pan and zoom

The graphical output for the unstratified base case is shown if Figure 6.30. To run the base
casewith the stratified case, onewould click on the stratifed ambient filein the Ambient filelist. For
the plume elevation, the pan capability (right-button drag) was used to center the graphic. Other
adjustments are apparent. A help button is available to provide instructions on manipulating the

graphics.
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Figure 6.30 Unstratified ambient scenario output (retouched graphics).

The plan view shows the far-field a gorithm predictions as the widely spaced points. Note
that VP plotsasingle plumeup to the point of merging or until theinitial dilution phaseiscomplete.
If plumes do not merge beforethefar-field algorithm takes over, the dispersion will be considerably
underestimated.

The dilution panel shows the classical difference between the initial dilution phase (rapid
increase in dilution) and the far-field phase (less rapid dilution).
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Figure 6.31 Stratified ambient scenario output (retouched graphics), UM3 (red), DKHW (blue).

Stratified case

Figure 6.30 shows UM 3 and DKHW runs for the stratified scenario. The difference for the
stratified scenario is the entry of 29C at 50ft depth. The stratification is plotted in the upper-right
hand panel. The plumes still reach the surface but the effect of stratification is apparent. DKHW
predictsconsiderably lessrise, thereforethe predi cted plume hasamuch longer initial dilution phase.
Thiseffect isexaggerated by thefact that UM 3 stopstheinitial dilution cal culation upon any portion
of the plumeimpacting the surface whereas DKHW continues this phase until the centerline hitsthe
surface. The greater DKHW pollution prediction is also apparent in the dilution graphic.
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A bug is apparent in the plan view. DKHW far-field prediction is based on the unmerged
waste field width, whereas UM 3 uses the width of the waste field (the sum of one plume diameter
and the width of the diffuser). This discrepancy may be corrected on any future version of VP.

Running multiple cases

To run al cases, select the Sequential, all ambient list option on the Case selection radio
group. Existing text and graphics might first be cleared with the appropriate buttons on the text and
graphics tabs.

Mear-field Dilutions
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Figure 6.32 Stratified ambient scenario concentrations, UM 3 (red square), DKHW (blue).
Graphic customized to improve visibility of title and |abels.

Thedilutionsfor theunstratified case arelower than for the stratified in part dueto the higher
current and the surface impaction condition. To show cases where higher currents lead to reduced
dilution, more experiments are necessary. Also, it should be borne in mind that the mixing zone
predictions (graphed by VP as triangles) have been cleared from Figure 6.31.
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Text output

Below is a partid listing of the text output for this problem. The text was edited in VP to
remove excessive lines of output (indicated by ....). Also, cases 1,2, and 8 are shown for UM3,
followed by a sample for DKHW (Case 1).

/ Wndows UMB. 11/20/2000 11:42:18 PM

Case 1; anbi ent file C:\ Pl unes\ Sadog Tase Aug 00. 001. db; Di ffuser tabl e record 1:
P-dia P-elev V-angle Hangle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Tenp Pol ut nt
(in) (ft)  (deg)  (deg) 0) (ft) (ft) (m (ft) (MD)  (psu) (Q (col /dl)
6.0 3.0 0.0 0.0 6.0 19.68 49.0 100.0 49.0 4.8 4.5 30.0 17000.0
Froude nunber: 11. 64
Anb- cur P-dia Pol utnt Dilutn  x-posn
St ep (m's) (in) (col/dl) 0 (ft)
0 0.0 6.0 17000.0 1.0 0.0;
100 0.0 39.75 2427.7 6. 876 7.117;
200 0.0 108. 3 482. 6 33.81 19. 51;
248 0.0 188. 3 181.0 87. 45 24.81; surface,
Plunes not nerged, Brooks nethod nay be overly conservative.
Const Eddy Diffusivity. Farfield dispersion based on wastefield w dth of 15.04 m
conc dilutn wi dth di stnce time
(col/dl) (m (m (hrs) (ppb) (ly/hr) (m's)(nD. 67/s2)
106.839 93.38 20.58 14.94 0.205 0.0 51.61 0.01 3.00E-4
0.16261 223.6 53.09 104.5 2.694 0.0 51.61 0.01 3.00E-4
count: 7
/W ndows UMB.
Case 2; anbi ent file C: \ Pl unes\ Sadog Tase Aug 00. 001. db; Di f fuser table record 2:
Ports Spacing
0 (ft)
3.0 39.36
Froude nunber: 23.29
Anmb- cur P-dia Polutnt Dilutn X-posn
St ep (n's) (in) (col/dl) 0) (ft)
0 0.0 6.0 17000.0 1.0 0.0;
100 0.0 42.58 2342.9 7.133 7.62;
200 0.0 147.8 476. 8 34.24 30. 64;
241 0.0 233.2 205.9 76.95 41.79; surface,
Plunes not nerged, Brooks nethod may be overly conservative.
Const Eddy Diffusivity. Farfield dispersion based on wastefield w dth of 14.13 m
conc dilutn wi dth di stnce time
(col/dl) (m (m (hrs) (ppb) (ly/hr) (m's)(nD. 67/s2)
179. 181 77.03 15.93 14. 94 0. 061 0.0 51.61 0.01 3.00E-4
0. 25748 195.6 49. 58 104.5 2.55 0.0 51.61 0.01 3.00E-4

/W ndows UMB.
Case 8; anbi ent file C:\ Pl unmes\ Sadog Tase Aug 01. 002. db; Di f fuser table record 4:
Ports Spacing Tenp

0 (ft) (9
3.0 39.36 20.0

Froude nunber: 24.95
Anb- cur P-dia Polutnt Dilutn X-posn
St ep (m's) (in) (col/dl) ) (ft)
0 0.08 6.0 17000.0 1.0 0.0;
100 0.08 40. 21 2343.2 7.146 7. 446;
200 0.08 192.0 314.7 51. 68 41.12;
218 0.08 245.0 217.9 73.81 49.09; acute zone,
252 0.08 395.8 107.7 144.7 67.32; trap level, surface,
Pl umes not nerged, Brooks method may be overly conservati ve.
Const Eddy Diffusivity. Farfield dispersion based on wastefield w dth of 34.05 m
conc dilutn wi dth di stnce time
(col/dl) (m (m (hrs)(col/dl) (ly/hr) (m's)(nD. 67/s2)
95. 5343 144.8 36.16 29.87 0.0519 0.0 52.7 0.05 3.00E-4
32.9124 162.0 49.94 104.5 0. 467 0.0 52.7 0.05 3. 00E-4
count: 6
[ DKHW
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anbi ent

file

C:\ Pl unmes\ Sadog

P-dia P-elev V-angle Hangle

ﬁerged, Bro

(deg)  (deg
0.0 0.0
11. 64
P-dia Pol utnt
(in) (col/dl)
6.0 17000.0
16.42  8812.9
24.92 5800.1
25.67 5632.9
39.45 3643.4
60.08 2329.1
62. 68 2220.8
74.72  1795.7
79.13 1665.9
87.4 1449.0
95. 04 1276. 3
102.2  1135.2
115. 6 919.1
122.0 834.6
147.5 594. 6
153.8 551.4
198. 3 352.1
254.7 223.7
288. 8 170.5

wi dth di stnce

(m
33.01

Case 1;
(in) (ft)
6.0 3.0
Froude nunber
Anb- cur
St ep (m's)
0 0.0
2 0.08
26 0.08
27 0.08
39 0.08
48 0.08
49 0.08
53 0.08
54 0.08
56 0.08
58 0.08
60 0.08
63 0.08
64 0.08
68 0.08
69 0.08
74 0.08
79 0.08
83 0.08
Pl umes not
Const Eddy Diffusivity.
conc dilutn
(col/dl)
154.586 99.78
42.065 116.5

48. 62

(m
14. 94

104.5

0]

(ft)

Tase Aug 00. 001. db; Di f fuser

Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal
(ft) (m (ft) (MD)  (psu)
49.0 100.0 49.0 4.8 4.5

6.0

Dilutn
()
1.0
1.929
2.931
3.018
4. 666
7.299
7.655
9

99.7

time

19.68

X- pos

(ft
0
9
8
9
4
7
0
4
9

24.

n
)
.0
08;
25;
05;
06;
14;
11;
35;
69;

. 99;
. 92;
LT7;
. 26;
. 92;
. 08;
.52;
.01;
. 39;

06;

nmer gi ng

local maximumrise or fall,

oks nethod may be overly conservative
Farfield di spersion based on wastefield w dth of

(hrs)(col /dl) (ly/hr)
0.0422 0.0 52.66
0.54 0.0 52.66

6.40

(
0
0

m

0
0

S
5
5

) (0. 67/ 52)

3
3

00E- 4
00E-4

31.33 m

tabl e

Tenp

record

Pol ut nt

(O (col/dl)

30.0

17000.0
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7 Mode Theory

7.1 Visual Plumes

Thetext in this sdionis presently limited. It is planned for expansion.

7.1.1 Bacteriamodels

The traditional implementation o pathogen decay in VP is a simple first order, or
exponential, decay. However, four-stresor (sali nity, temperature, solar insolation,andwater column
absorption) Mancini baderiamodel (1978 isimplemented in VP and described in limited detail in
Sedion 6.5.1 Further information may be foundin Keyes (1999.

7.1.2 Tidal buildup capability

Thetidal pdlution badkground bul dupcapabilit y isdescribed in somedetail in Sedion 6.2.
Future additi onsto this cgpabilit y to include other main tributaries (or sources) to thetidal channel
are planned.

7.1.3 Nascent density

The simplest analogy to the nascent density effed in pumesis pond oerturning in winter.
It is well known that the equation o state for water is nonlinea. Unlike most substances that
contrad continuously uponcodling, fresh water expands before freezing below abou four degrees
Cdsius. A pondcoadling warming slowly in late winter may overturn because, as the surfacewater
warmsabove 0C, it becomes denser than the bottom water with the result that the pondwill suddenly
“overturn,” with denser, but warmer, surfacewater repladng the wlder, bu lessdense, batom
water. This mixing will typicdly be acompanied by increased turbidity.

A similar principle can have profoundeff edsonthermal plumes(Frick andWiniarski, 1978.
Consider afresh water thermal discharge & 60C to auniformly cooled lake & OC. The temperature
in the plume will cod continuowsly to zero as it mixesin lake water (seeFigure 7.1). The density
will increase mrrespondngly, andthe plumewill begintorise, urtil the average plumetemperature
approadhes approximately 8C. However, below that temperature the plume’ sdensity will begreaer
than the anbient density at OC and the plume will first decderate its upward motion, then reverse
itsupward velocity, and finally sink to the bottom.

For along timeit was beli eved that the nascent density eff ed was potentially important only
incold, fresh receving water. Many discharges, likethe sewage dfluent in Figure 7.1, kehaveinthe
traditional way. However, some DOS ALUMES users found dher circumstances in which the
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Figure 7.1 Density diagram for fresh and seawater. Three mixing lines are shown for awarm
brine, atypical sewage effluent, and athermal discharge.

nascent density effect is important. Figure 7.1 shows the mixing line for a brine, perhaps derived
from a water desalination process, discharged to ocean water. It is discharged at about 42C and
43psu. Asit mixes with seawater it first becomes denser, but, at below about 28C it also becomes
denser. This characteristic of starting buoyant but becoming denser has led to this process being

called the nascent density effect.
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The fact that buoyant plumes, which ordinarily are expected to rise to the surface given no
ambient density stratification, can end up at the bottom of the water column has profound
implications on regulatory decision making. It would mean that the benthic, not the pelagic,
biological community would be affected by the effluent.

File 7.2 shows plume dilutions from simulated plumes all possessing the same buoyancy on
discharge (effluent density in all casesis 10 sigma-T units, or 1010kg/m®), discharging to three
ambient scenarios (ambient discharge level density about 15.4 sigmaT units), and otherwise
identical. The eight effluent cases have temperatures ranging from OC to 70C in 10C increments,
with salinity adjusted to give the constant effluent density. Based on similarity, as expressed by
sharing the same densimetric Froude number, all plumes should perform identically. However,
dilutions vary widely at maximum rise.

This example illustrates the weakness of some schemes that use linear similarity theory to
categorize flow, as these will lead the analyst to conclude that al of these plumes will develop
identically in these three flow scenarios. On the other hand, the agreement between UM3 and
DKHW isremarkably good in this range.

Additional information on the nascent density effect is available in the DOS PLUMES
manual and in the PowerPoint presentation lagdensity.ppt file on the Visual Plumes CD (Winiar ski
subdirectory). Thisis rudimentary guidance planned for completion.
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7.2 UM 3 theory

7.2.1 Established theory

UM3isalagrangianinitial dilution plumemodel based onthe UM model described in some
detail in Baumgartner, Frick, and Roberts (1994), also known as PLUMES (how DOS PLUMES to
differentiate it from Visual Plumes. The complete PLUMES manual is available on the Visua
Plumes CD in the 3" Edition, DOS PLUMES directory (DOS Manual subdirectory).

DOS PLUMES manual on the Visua Plumes CD

Two versions of the PLUMES manual areincluded on the CD, in the original WordPerfect
format (wpd files) and in pdf format. With time printer and graphics technology has changed
considerably and users typically have had difficulty printing their own manuals. In the CD version
many of the original graphics have been scanned and saved as jpg files. Unfortunately, this process
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Figure 7.2 Maximum rise dilutions from eight equal density effluent flow scenarios discharged
to three ambient receiving waters. Red squares correspond to UM 3 output, blue diamonds to
DKHW output.
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results in some degradation in graphic quality which is particularly noticeable in the pdf version of
the manual.

7.2.2 Three-dimensional generalization

Single Ports: Visual Plumes UM has been modified for three dimensions. This change is
possible by using vector math and by generalizing the Projected Area Entrainment (PAE) hypothesis
(Winiarski and Frick, 1976; Frick, 1984). Themodification addsaterm to the PAE hypothesiswhich
representsthe entrainment entering the plume element from the side represented by avector pointing
at right anglesto the planeformed by theinstantaneous direction of motion of the plumeelement and
the gravitational acceleration vector. Thus, for example, a port discharging eastward will form a
plume element that will turn northward if there is a component of the current directed northward.

Multiple Ports: The behavior of multi-port plumes is the same as single-port plumes up to
the point of merging. After merging the sideway component of entrainment is distributed over all
plumes. The problem of parallel currents is solved by assuming that for angles of less that 20
degrees, measured between the plane of theindividual plumeelement motionandto ahorizontal line
at right angles to the local current, there is no further reduction in the effective spacing between
adjacent plumes, which would otherwise reduce to zero when currents are parallel to the orientation
of diffuser pipe. This approach is suggested by the findings of Roberts (1979).
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8 Model Availability and Perfor mance

Thetext in this sdionis presently limited. It is planned for expansion.

VP is available on CD. Until it may be obtained through EPA's Center for Expaosure
Asssanent Modeling, Ecosystems Reseach Division, Athens, GA, USA webpage:
ftp://ftp.epa.goviepa _ceanwwwhtml/products.htm, Visual Plumes may be obtained by contading
Walter Frick, frick.walter@epa.gov.

8.1 Maodd verification and comparison

The Visua Plumes models have along history of verificaion keginning for UM3in 1975
(Frick and Winiarski, 1975 Frick, 1984 Baumgartner, Frick, and Roberts, 1994. The DKHW
model is smilarly represented by a long history (Kannberg and Davis, 1976 Davis,1999.
Independent verificaion exercises are dso avail able, e.g., Fergen, Huang, and Proni (1994).

One of the aims of Visual Plumesisto provide aplatform for independent mixing zone
models. Inthisvein, DKHW, NRFIELD, andUM3 arethreemodelsthat are dl designed to predict
the same behavior of plumesintheinitia dil utionregion. They may be seento be competing models.
By suppating competing models Visual Plumes is intended to encourage cntinued model
innowation.

Oneway to further encourage model development isto provide the meansto compare model
predictionswith experimenta or field data. The Verify button onthe graphicstab servesthispurpose
by enabling theuser to linkin and dsplay verificaionfilesand data. The Fan-Run-16 projed based
on Fan (1967 ill ustrates one way this capability may be used (Fig. 8.1). Expanded examples of
plume verification are planned for future releases of Visual Plumes.

8.2  Troubleshooting

8.2.1 Problemsand solutions

Base cae disappeas from view

Use the scroll bar on the diff user table to move it badk into view.

File corruption

Files can become @rrupted through a aash o other abnarmal termination. Normally, at
program termination a before opening new projeds (i.e., before storing the airrent projea fil es),
VPinserts header information at thetop d the database fil esthat helpsit interpret the data, e.g., the
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Figure 70 Comparison of plume trajectories and plume diameters: DKHW (blue shorter line) and
UM3 (red line) with Fan Run 16 (Fan 1967), jagged black line.

units of each column, the next time the project is run. These header lines are absent from the file
when the program terminates abnormally. When VP is next run it examinestheinput datato check
for the presence of the header information. If it does not find it, VP alerts you to the corruption. VP
will then attempt to reestablish theintegrity of thefile by reading the project List, if available. Thus,
unless the user has incorrectly modified the List file, afull recovery will be accomplished (except
for customizing detailsthat are not saved intheList file). If aList fileisnot found, VP goesthrough
a standard recovery procedure that provides default header information, including primarily MKS
units (the units at the top of the list of unitsin each units popup) and other default data.

When acorrupted file messageisissued, it isagood ideato check theunitslisted for al your
variables. If they are not what they originally were, select the Label only radio button on the diffuser
tab and change the units of each variable to the desired values. This will not change any of the
values, just thelabel s so they agree with the values. Once done, be sureto change back to the default
Convert data option.

File not found: linking time-series files after save as new name

If an old project that used time-series files is reopened and run, the File not found error
message can appear if in theinterim the time-seriesfiles have been moved or renamed. Check to be
sure the time-series files exist and are in the correct project or borrow paths.
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Graphics pan€ls are empty

If nographics appear try using the Scale button to rescde the aes. If thereis dill nothing
shown, ched the graphics sttings on the Special Settingstab need to be revised. For example, the
Start case for graphs number may be higher than the number of cases run.

Parameters for selected row panel does not change

Calculation of densimetric Froude number and eff luent vel ocity, and, conversionto density
onthe Parametersfor selected row panel are dore only upon pessng the button. The other values
are updated when clicking onthe cel sin the diff user table or onthetab key being used. Moving up
or down in the mlumn using the arow keys does nat update the cnwversions.

When time-series files are linked in, orly the first caseis evaluated in this panel.

Using badkup files to remver from a aash

Data corruptionin VPisnow fairly rare. An aternate way of handling corrupted filesisto
usethebadkupfilesVP creaesupon oning eat projed. Thebadkupfilesal have extensionsthat
begin with an ~ so that badked-up .dbfileslooklike .~db fil esand the badked-up List fileslooklike
~Isfiles. Thesefil es contain the last used values but not your most recent changes. Something like
Windows Explorer can be used to manually rename the fil es.

Substitute badkup file ommands

CAUTION: The ambient fil e substitutioncommand onthe Edit menu oy worksfor thefirst
filein the anbient filelist.

Quitting VP to forcevariables to be reiniti ali zed

VPisasubstantial program; it isdifficulty to foresee d the problemsthat userswill soorer
or later encourter. Sometimes you may get errors you dort understand, some of which may mean
that some variable has nat been reinitialized. Under these drcumstances, try exiting VP and
re-starting it. If youthink the problem isimportant to you, dease cntad one of the authors.

Models do nd run when the tables show ][ in the row pointer

The diffuser and ambient tables must show the row pointer (») before the models will run.

Values do nd changed when anew unit is ssleded

Make sure the Convert data optionis leded onthe Units Conversion radio group.
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Wrong ambient fil e shown in text output

This can happen when multiple anbient files are listed onthe Ambient file list and the
Sequential, all ambient list optionis sleded onthe Case selection radio group.Besurethat the row
pointer (») points to the base cae before beginning the run.

8.2.3 Hints

Dired accessfiles

VP sdbfilesaredired accessfil es, changes are permanent. On exiting, when the Pre-exit:
File Editing Dialogue Window appeas al fil es have been closed and may be manipulated asfil es.

Filefilters

ThePre-exit: File Editing Dialogue Window hasfiltersto hel pwith thedisposal of unwanted
filesin the Files of type pul-down edit box. The files displayed in the window can be changed to
refled filtering. Care shoud be taken when seleding the fil es for deletions.

Froude number, model parameters

The Parametersfor sel ected row must be pushed to updatethefirst threerowsof information
onthis panel. For the adionto work the Base or selected case option must be seleded onthe Case
seletion radio groupand the row pointer (>) must be showing onthe seleded row.

Reestabli sh badkup fil e by saving

VP makes badkup files upon oning a projed. Sometimesit isagoodideato qut VP and
restart just before making exploratory changes, this way desirable dhanges can be reestabli shed by
substituting the badk upfilesif the exploratory changes do nd work ot.

Tidal buil dup capabilit y

Remember to adjust the mast bin when changing the segment length.

Creding VAR files

When running DOS ALUMES from VP, VP can orly define the independent variables, it
does nat provide dependent variables (white in DOS ALUMES), the stop criterion, ouput table
variables, and aher DOS ALUMES settings.
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8.2.3 Known or suspected bugs

Far-field dilution not graphed to the end of the simulation

This problem appears to be corrected by quitting VP and restarting.

Graphics pandl and Style button disagree

Thisisfixed by selecting the desired Style button again.

Mancini modd usage

Be sure that Measurement depth or height unit is returned to m before running the models.
To change the unit, double click on the blue cell to put it into the change mode, then click again and
change the unit. Also, remember that in general VP does a conversion to decay rate unit s-1 (per

second) when the models are run. Only UM3 uses the Mancini model in a dynamic sense. See
Section 6.5.1.
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