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ABSTRACT

This report presents an updated user's guide to a mathematical model for the
prediction of the seasonal/annual physical impacts of cooling tower plumes,
drift, fogging, icing, and shadowing. The model is aimed at providing
predictions that may be used in the licensing of power plants with cooling
towers. The submedels for these physical impacts provide improvements in
theory and performance compared te existing methods. Validation with field
and laboratory data has been done in all situations where good quality data
exist. The seasonal/annual methodology employs a technique which reduces the '
available meterological record at a site to approximately 30-100 categories.
The plume submodels are then run once for a representative of each category
and results are summed up to provide predictions for a season or a year.

The model allows the treatment of any number of natural- or mechanical-draft
230ling towers in any geometric orientation. The model is easy to use and
requires a minimal amount of user input. It is set up to run with a TDF-14 or
CD-144 ground-level meteorological tape or standard NRC meteorclogical tape.
The model encompasses four computer codes in which the output of one is the
input for the next. In this way, intermediate output which may be informative
is saved and may be examined. The use of a sequence of four codes permits

more flexibility to the user allowing him the opportunity to better define the
type and scale of printed cutput he wishes.

This user's guide describes changes made to the April 1984 version of the
model. It also provides a complete discussion of model inputs and outputs for
this version of the computer code. Also, in this manual, the model is applied
in two case studies, one for a site with three nearly colinear natural-draft
cooling towers, and the other for a site with two linear mechanical-draft

cooling towers oriented parallel to each other. Input and output to the codes
are presented and described.
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SUMMARY AND CONCLUSIONS

An updated user's manual is presented for the prediction of the
seasonal/annual impacts of cooling tower plumes, salt-drift deposition, plume
fogging, icing, and shadowing. The earlier version of the user's manual (EPRI
CS-3403-CCM) presented new computer codes for

(a) plume shadowing, fogging and icing, and

(b) a computerized methodology for the prediction of long-
term physical impacts of natural- and mechanical-draft
cooling towers on a seasonal (spring, summer, winter,
fall) or annual basis. These impacts are vapor plume
persistence, drift depesition, fogging, icing, and
shadowing.

Predictions of plume impacts on a seasonal/annual basis are often reguired for
the licensing of power plants with cooling towers. This revised user's manual
includes changes made to the computer codes based upon feedback on experience
in applying the model to practical problems. Comments on the model were
provided by the users of the model as well as the model developers

themselves. Changes to the computer code were made largely to enhanca the
user-friendliness of the codes in terms of input and to allow the user greater

flexibility in applying the model. A summary of the capabilities of the model
follow.

The seasonal/annual methodology used in the model has evolved from earlier
methods. Most other techniques apply a very simple plume and drift model on
an hour-by-hour basis to obtain predictions over a season or year. With the
hour-by-hour methed, the plume and drift models must be overly simplified in
order to hold computaticnal resource requirements within reascnable bounds. A
far more efficient methodology is based on the realization that only a
relative small number (perhaps 35) of truly distinct plumes can be identified
at any given site. Thus, the most cost effective approach to the problem of
making seasonal/annual impact predictions is to first identify the different
categories of plumes which may be expected and then use the most reliable
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plume and drift models to predict potential impacts for sach of these
categories. VYarious types of 5&asena1fannua1 averages may then be computed
using the predicted plume and drift behaviors for each category and a
tabulation of the frequency of occurrence of each category during the season
or year of interest. A major component of the category scheme methodology
concerns the systematic identification of representative plume categories,
since such categories vary with tower characteristics and the prevailing
meteorology of the site., The method is based on the use of key nondimensional
variables as indicators of relative plume length. For multiple-source
configurations, the concept of representative wind directions is introduced so
that the effects of local geometry (orientation of towers to wind directions)
can also be included in a cost effective manner. In this approach, each of
the 16 traditional wind directions is associated with one of those typically 3
to 5 representative directions. Treatment of the very complex configurations
typical of current designs is easily handled in this manner.

The theary and performance of the plume and drift model used in the
seasonal/annual methodology is described in detail in EPRI CS-1683. The plume
model is of integral type and accounts for plume merging in a way that treats
the trajectories of each plume separately and accounts for their relative
orientation at the time of merging. Tower wake effects are also included.

The drift model has a treatment of evaporation consistent with observational
data which leads to a different final state of a droplet: a porous particle
instead of the commonly assumed solid crystalline particle.

Ground-level fogging and icing are predicted for mechanical-draft cooling
towers. Fogging is assumed to occur when the visible plume strikes the
ground. Icing occurs when the visible plume strikes the ground under freezing
conditions. Ten additional categaries of environmental conditions have been
chosen to represent the fogging/icing cases. The effect of wind direction is
also considered in determining the fogging/icing patterns.

The computation of plume shadowing is denme on an hour-by-hour basis to
correcily account for the position of the sun in the sky and its effect on
shadow Tocation. The characteristics of the plume category representative of

each hour are used in place of a separate calculation for each hour
Tndividually,
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This repart serves as an updated user's guide to the four FORTRAN computer
programs which together permit seasonal/annual predictions to be made. These
four codes and their respective roles in tHe overall schems may be summarized
as follows.

PREPROCESSOR PROGRAM - reads data tapes, eliminates unusabie
records, adds tower exit conditions to
each valid record, calculates key
nondimensional variables for each valid
record, produces enhanced database,
determined plume categories, and
generates representative cases for each

category.

PLUME PROGRAM - determines plume and drift predictions
for representative cases for each plume
category.

TABLES PROGRAM - uses enhanced data base and predictions

of PLUME program to produce tables of
predicted impact by distance and wind
direction for specified season(s).

PAGEPLOT PROGRAM - generates line printer "plots" of tables
produced by TABLES program.

Two case studies are presented as examples of the use of the model. The first
involves two linear mechanical-draft coaling towers patterned after the Gaston
Plant in Alabama. The second case study is for three natural-draft towers in
the orientation at the Amos Plant in West Virginia. The meteorology for
Chicago O'Hare International Airport was chosen in order to encounter
sufficiently cold conditions to §1lustrate fogging and icing.

The model and associated computer codes may be obtainmed from the Electric
Power Research Institute. The mode]l is identified as SACTI (Seasonal/Annual
Cooling Tower Impacts model).



Section 1

INTROCUCTION

The design and licensing of nuclear and fossii-fueled electric generating
stations in the U.S. require that an assessment of the potential
environmental impact be made. The normal first step in the assessment process
is for the utility or their consultant to prepare a detailed Environmenta]
Report which sets forth the physical and ecological features of the site,
gives the design parameters of the station and presents an assessment of tha
environmental acceptability of the proposed plant along with that of several
alternative designs or sites. The Federal or State licensing agency then
reviews the Environmental Report, conducts an independent assessment and
issues an Environmental Impact Statment which includes its findings and
recommendations concerning the station.

Nearly every Environmental Report and Environmental Impact Statement must
consider cooling towers either as the proposed cooling system or as a

reasonable alternative. The potential adverse impacts of cooling towers which
are often considered include:

(a) aesthetic impact of the visible plume,

(b) deposition of cooling tower drift releases (small droplets
of 1iquid water often containing high concentrations of
dissolved or suspended solids),

(c) ground-level fogging and icing,

(d) shadowing by the plume,

(e) ground-level temperature and humidity increases, and

(f) noise.

Except for noise, all of these impacts are dependent on the dispersion of the
cooling tower plume and, thus, prediction of the plume has become the primary
consideration in preparing environmental assessments of the cooling towers.
These effects are local to the towers environs (say within 10 km radius).

1-1



Long range effects (e.g. cloud or storm generation) are generaily treated
qualitatively. -

Some of the above local environmental impacts depend on the average behavior
of the plume. For example, the effect on the crop yield of a particular field
may well depend on the reduction of sunshine during the growing season.
Similarly, the effects of drift deposition are believed to correlate with
total integrated exposure. In other cases, the impact depends on "worst case"
behavior. For example, the impact on a resort area may well depend on the
small frequency of unusually severe cases. Moreover, decision makers most
often prefer quantitative estimates te subjective descriptions such as
"Iight," "moderate,” or "heavy." Thus, the assessment methodoTogy must
provide reliable numerical predictions of both average and worst-case
behaviors.

The basics of an improved theory relating to the prediction of items (a)-(d)
were presented in a user's guide for the associated computer programs. That
user's guide is identified as Ref. 1 below and was published in April 1284.
That work was an outgrowth of an earlier model evaluation study (2-4) carried
out by the present authors in 1976-1978 and an EPRI-sponsored mode]
improvement effort (5-10) completed during 1979-1980. Subsequent to the
publication of the user's manual, changes were made to the computer codes
based upon feedback of users on their experience in applying the model to

practical problems. Comments on the model were provided by the model
developers as well as outside users.

Changes to the computer code were made largely to enhance the user
friendliness of the codes in terms of input and to allow the user with greater

flexibility in applying the model. A summary of these changes is listed
below:

1. Upwards Compatability

Careful consideration was given to maintaining upwards compatability. There
Were no changes made that affected predictions in a way that significant
differences occurred from the earlier version of the codes. The most
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significant difference is that the new version predicts slightly shorter
visible plumes in some cases.

The two test cases provided with the code use the same geometry and input
cards as before, except that FORTRAN 77 expects additional file name
information. The meteorological tape is now in CD-144 format instead of TOF-
14, and the time pericd of the runs now represents a full year period
(different from the original). Also, the linear mechanical-draft test case
now uses a mixing height tape input to illustrate that user option, whereas in
the earlier version, neither test case demonstrated that feature. The '
natural-draft cooling tower test case is intended to be the first simple test
attempted by the user; it therefore employs a constant mixing height differing
only slightly from the sample case provided earlier. The new mixing height
value used is more consistent with the seasonal/annual methodology because it
represents the value for non-precipitation cases rather than all cases.

2. Source Code Transportability

A1l codes are now ANSI FORTRAN 77 compatible. FORTRAN 77 specific code lines
are identified in columns 73-80 so that the codes can easily be made FORTRAN
IV compatible once these lines are deleted. If ever substitution is reguired,
the FORTRAN IV replacement lines are contained as comments.

Code compatibility has been improved for both FORTRAN 77 and FORTRAN IV
applications. Compatibility validation has been performed on the following
systems:

(a) IBM CMS/MVS using the FORTG1, FORTHX, FORTHXE, and FORTVS
compilers, and the WATFIV compiler,

(b) DEC VAX/VMS FORTRAN compiler,

(c) Ridge UNIX f77 compiler, and

(d) MSDOS (IBM PC/XT/AT compatables) Lahey FORTRAN 77 compiler.
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3. Test Case Transportability

A new test case is provided to help users install and validate the system of
computer codes. Based on user feedback, the TOF-14 meterological tape usad in
the previous test case created complications due to its record structure and
non-ASCII special characters. The test case now uses a CD-144 tape which has
card-image format and uses only standard ASCII characters. An additional
advantage is that the size of the data file has been trimmed to exactly the
time duration of the test case, saving more than two megabytes of storage.

4. General Code Improvements

FORTRAN 77 data file support was added to each code. Version dates were added
for identification of code changes. Better documentation was included to
clarify user input card formats. Some system specific code statements were
revised to meet ANSI portability requirements. A1l known bugs were fixed.

The format of WRITE statements for the user standard print output was modified
where required to 1imit the maximum T1ine length te 128 characters maximum.
This change was made in response to user problems on systems that do not
support the previous maximum of 132 characters. A1l format strings were
converted from Hollerith to quote format in keeping with current standards.

5. Specific Code Improvements and Bug Fixes

A. PREPROCESSOR

A system-independent FORTRAN 77 algorithm was added to the
TDF-14 tape input routine for decoding the special
characters. Internal documentation was added to help
programmers handle the special character set in FORTRAN IV
environments. Several coding options were provided as
comment lines for dealing with various machines. Direct
access support was also added,

The MIXHT routine was modified to give the appropriate
message and error exit when a sychronization or end of file
prablem occurs. The previous search algorithm worked only
when the first record was synchronized with the
meteorological tape record time, and also failed to report
end-of-file error conditions in some cases.

Some variable initialization problems were fixed to insure
variables were set to zero. The earlier version could
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sometimes erraneously flag the first meteorological tape
record as a bad record; this problem could pessibly occur on
systems that do not automatically initialize data to zero.

Coding logic has been added to prevent generaticn of a
saturated ambient environment as a representation of a plume
category, Avoidance of exact equality of dew point and dry
bulb was done by slightly perturbing the dry bulb and dew
point temperatures when they were chosen to be the same.

PLUME Code

A more efficient visible radfus routine, VEDGE, was
implemented in the PLUME code to correct a bug which
occasionally caused a false zero to be returned.

An enhancement was added to permit better user-control of
wake-related modeling options through the NUSER variable.
The code section for plates was revised to support this new
feature.

The source radius may now be changed between the PREPROCESSOR
and PLUME code; previously the value was fixed. This option
for changing that radius may be exercised for sites where
sources are widely separated.

Improvements were made to optimize array storage and
eliminate unnecessary arrays so that the code requires less
overhead. The new version requires approximately 512K
storage and can be run on microcomputers.

Coding statements were added to quard against unusual
numerical conditions (e.g. square root of negative values),
which could possibly result under extreme physical conditions
or unusual geometry.

The handling of integrator stiffness problems due to merging

of many plumes and various extreme conditions was improved by
additional code checks at critical points. A warning message
and appropriate logic are now provideds a stiffness condition
no longer stops exscution.

Code cleanup eliminated some variables and arrays and
produced modest improvement in execution time.

TABLES and PAGEPLOT Programs

Only minor changes and modifications for compatibility and
transportability were required.
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This user's manual is written as an update to the earlier manual. It was
prepared as a self-contained document for the user; however, the theoretical
discussion appearing in Section 2 of the earlier user's manual was not
repeated here. That discussion remains valid and the user is encouraged to
acquire a copy of that earlier manual (1) for a discussion of the theory. The
model is dencted as SACTI (Seasonal/Annual Cocling Tower Impacts model) and

may be obtained by contacting Mr. John Bartz of the Electric Power Research
Institute.
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Section 2

SEASONAL/ANNUAL COOLING TOWER IMPACT CODES
PROGRAM INPUTS AND QUTPUTS

This section contains a description of the inputs and outputs for each of the
Seasonal/Annual Cooling Tower Impact codes.

THE PREPROCESSOR CODE

The PREPRCCESSOR Code is the first program that is run in the seasonal/annual
prediction system. It is basically what its name implies, a code that
processes (prepares) raw data into a form that will be appropriate for the
rest of the system. The code was written with two major purposes in mind:

(1) to read a site-specific meteorological tape only once within

the entire system in order to minimize computer input and
output, and

{2) to create as much output data at an early stage as possible
so that the user can make decisions to minimize effort and
cost in executing the remaining programs in the system
package.
A brief outline of the basic functions of the PREPROCESSOR Code follows:

(a) read through a tape consisting of hourly metecrological
observations,

(b) discard any tape records if the data are invalid or missing,

(c} select parameters from each tape record necessary for the
remaining codes,

(d) calculate other (derived) parameters internally necessary for
the remaining codes,

(e) compute cooling tower exit conditions for each hourly record,

(f) create an output disk or tape file in binary format of the
information needed for the system from the tape records,

(g) create typical plume cases that will represent standard
weather conditions based on a statistical analysis of site
meteorology obtained from the tape,
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(h} create representative fogging cases for those categories
which are represented at this site,

(i) produce freguency tables and statistics of basic
meteorological parameters, and

(j) output most of this information to a printer.

INPUT

The execution of the PREPROCESSOR reguires the user to supply two sets of data
into the input stream, The user must provide (a) a meteoroclogical tape which
consists of hourly surface or meteorological tower observations for at least

ane'year, and (b) input control parameters that set up and determine the flow
of the program with respect to user selected options.

The PREPROCESSOR code is capable of handling any of three standard weather
tapes: CD-144, TOF-14 and NRC Format. Two of the three tapes are produced by
the National Ciimatic Center in Asheville, North Carolina. These tapes, the
CD-144 and the TOF-14, contain basically the same Weather Service information,
but their format structures are somewhat different, The CD-144 tape was
designed to simulate a punched card deck (80 characters per record), which was
the only method for organizing and archiving weather data at one time. The
CD-144 tape was set up to retain this format and to serve as a convenient form
for transferring older Weather Service records from cards to tape. Later, a
new tape format was incorporated te handle the increase in data recorder for
each weather observations. This tape, the TDF-14, is similar to the CD-144
tape, but with a more compact structure.

If the proposed plant is a nuclear plant, applicants (utilities) are expected
to furnish their own meteorological data tape to the Nuclear Regulatory
Commission in NRC standard form. The Preprocessor can accept this tape if it
is in the format recommended by the NRC. The format was designed to provide
concise meteorological data needed to estimate potential radiation doses, as
well as to aid in the site assessment and licensing of nuclear power plants.
There are fewer variables per record compared to the CD-144 and TOF-14 tapes,
but these variables are largely those most useful for this system of codes.

(The CD-144 and TOF-14 tapes contain much data that is not relevant for the
code.)
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The user must provide the tape.characteristics, i.e., blocksize, recard
length, and record format. The meteorological tape should be set up to be
read under file 1. The user alsa needs to input information to the

PREPROCESSOR through file 5. The information consists of four card image
records.

Program Name: PREFROCESSOR

Format: Standard FORTRAN card format, ANSI X3.9-1978
(FORTRAN 77) compatible. The source code is
a1s0 mostly compatible with ANSI X3.9-1966
(FORTRAN IV) except for limited input/output and
character data features. Source lines unique to
FORTRAN 77 are marked by the text F77 in the
sequence columns 73-80, These lines can be
deleted to make the scurce code FORTRAN IV
compatible; alternative FORTRAN IV code is
provided in comment statements where
substitution is reguired.

Source Code Lengths: 1934 FORTRAN source records plus 1129 comment
cards for 3063 total.

Runtime Memory Requirements: Approximately 162,000 bytes (Compiler dependent)

Input Files: File 1 (FTOLFOO1)--Meteorological Tape
File 5 (FTOSFOOL1)--User prepared

Output Files: File 2 (FT02F001)--Intended to be disk file for
use by TABLES in Seasonal/Annual system

File 3 (FT-3F001)--Intended to be disk file for
use by PLUME MODEL in Seasonal/Annual system

File 4 (FTD4FOD1)--Intended to be disk file for
use by TABLES in Seasonal/Annual system
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File 6 (FTOS6FQ01)--Intended to be PRINTER

Card Image User Input: File 5
CARD 1
NAME FORMAT DESCRIPTION
ITITLE 80A1 An BO character title for the case study to identify

output. This title will be put at the top of every
printed page of output through file 6.

CARD 2

NAME FORMAT DESCRIPTION

ISTOP I6 Indicator to stop processing tape records after ISTOP
records. If ISTOP = 0, then process all the records
read in.

ISKIP [6 Increment for processing tape records:

l = Every record will be processed
N = Every Nth record will be processed.

IouT 12 Output control ... The code always prints the user
input data and the frequency tables, but the 1ist of
records can be suppressed.

00 = Full listing
01 = Suppress records from printing.
IMIX 12 Mixing height indicator:

0l = Single value used for all records which will be
input in following card

02 = Bi-daily mixing height tape will be used and read
in under File 1L.
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IUR 12 Mixing height control switch:
01 = Rural mixing height will be usad
02 = Urban mixing height will be usad

IWIND I2 Stability class computation preference switch
(applicable only to NRC tape):
C1 = Sigma Theta method
02 = Delta-T methed.

NFOG I2 Switch for fogging/icing calculations:
00 = No fogging/icing calculations
0l = Calculate fogging/icing.

NORIFT I2 Switch for drift calculations:
00 = No drift calculations
0l = Calculate drift.

ITOWER 12 Type of tower:
01 = MNatural draft.

02 = Circular mechanical

03 = Linear mechanical
ITAPE I2 Type of tape:
01 = CD-144
02 = NRC
03 = TDF-14
IZ0NE 12 Time zone of site:
05 = Eastern
06 = Central

07 = Mountain
08 = Pacific.
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NAME FORMAT DESCRIPTION
ALAT F10.5 Site Tatitude in degrees north latitude.
ALONG F10.5 Site longitude in degrees west longitude.
ROUGHT F10.5 Roughness height (cm).
HREF F10.5 Reference height of met data (m).
HTMIX F10.5 (Applicable only when IMIX = 1). This value will be
used as the mixing height for all records.
HTERR F10.5 Reference height for terrain medification.
CARD 4
NAME FORMAT DESCRIPTION
TWRHT F10.5 Height of tower (m).
TWROM F10.5 Tower effective diameter (m)
TWRHE F10.5 Total heat dissipation rate (MW).
TWRAF F10.5 Input airflow rate (kg/s).
CARD 5
NAME ~ FORMAT  DESCRIPTION
CKT 12F3.2 Monthly clearness index (See Appendix B; 12 values are
needed.)
CARD &
NAME FORMAT DESCRIPTION
HAVG 12EE.2 Total average daily solar insolation for each month.

(See Appendix B; 12 values are needed.)
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CARD 7 (used with FORTRAN 77 omly)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of user's surface tape data as fits the
operating system convention.

IFORM (12) Surface data format, O = sequential, 1 = direct
access. This flat is useful if system copy utilities

were used to convert to tape to a direct access disk
file.

CARD 8 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of internal data file to be used eventually
by the TABLES program.

CARD 9 (used with FORTRAN 77 only)

NAME FORMAT ~ DESCRIPTION

FNAME (A32) File name of plume category data for eventual use by
the PLUME code.

CARD 10 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of internal binary data for eventual use hy
the TABLES code.
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CARD 11 {used with FORTRAN 77 only)

NAME FORMAT DESCRIPTICN

FNAME (A32) File name of standard print output.

CARD 12 (used with FORTRAN 77 only)

HAME FORMAT DESCRIPTION

——

FNAME (A32) File name of optional mixing height tape.

By setting IMIX=2, the user may choose to supply a TD-968% bi-daily mixing
height tape, available from the National Climatic Center. The TD-9689 tape
contains daily records of morning and afternoon mixing heights.

The code calculates hourly mixing heights from the twice-daily mixing heights
by an interpolation scheme involving the previcus day's mixing height and the
following day's mixing height. The year(s) on this tape do not have to match
the year(s) on the weather tape. Only the Julian dates will be checked and
matched, The user must insure that dates and hours for the mixing height tape
records match with those on the corresponding surface tape. Otherwise (if
IMIX = 2 1s selected) the PREPROCESSOR will terminate abnarmally.

QUTPUT

Printer File 6

The PREPROCESSOR Code sends every valid meteorological record to the printer,
through unit 6, as a user option. If the meteorological record is discarded
by the code because of a missing or invalid piece of data, a message is
printed simply stating that the record is bad. No indication of what is in
the record was bad or why it was unsuitable will be given. An explanation of
the printed variables is given at the end of this section.
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Frequency distribution tables of certain variahles as a function of wind
direction are computed and priﬁted after the 1isting of meteorological
records. The wind direction field is divided into 16 sectors with each sector
equal to 22,5 degrees. North is set to O degrees, so if the wind direction is
within 11.25 degrees of 0, the wind direction for the meteorological record is
considered to be from the north. Every variable frequency range is summed
over 16 wind sectors and listed in the last column of the table. The last
column (labeled SUM), when added down will give a total of 1.0. It should be
noted that this column is a summation and not an average over wind directions.

At the end of every table except the first one, there is-a short 1ist of basic
statistics for that table. The method of moments was applied to these
statistics in order to minimize computation time. These statistics were added
to help the user assess the data and aid in the analysis of the site under
study. A1l of the tables are self-explanatory except for the last table:

Plume length/K/Stability Frequency Table. The stability categories in the
table are:

Pasquill Stability
Stability Category
Class Number

MMme o
L) Lad T3 D =t = =t

The K (ratio of wind speed at averaging height to plume exit velocity)
categories are:

K-Range Category
0.0 - 1,0 1
1.0 - 2.0 2
2.0 - Qver 3
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The averaging height for the determination of K is 300 m for NDCTs, 200 m for
CMDCTs and 150 m for LMDCTs.

Disk or Tape File 2

A binary file of all valid processed meteorological records is written through
unit 2 to an output device specified by the user.

This output is usually & disk or tape. The writing is done by means of an
unformatted WRITE statement. It is not appropriate to set unit 2 to be a card
punch or & line printer. There is no need to examine this file once it has
been created. In fact, there is no way to view this file since it is
represented in essentially the same form as it is represented within the
computer. The only thing that can easily be done with this file is to read it
back in for later program steps in the system.

The primary advantage of this method of writing is speed within the
computer. The internal steps that must be taken to format information
according to the description in a FORMAT statement require considerable

time. Since PREPROCESSOR handles a large quantity of data, the difference in
computer time is definitely appreciable.

The data written to this binary file are:

NAME DESCRIPTION
IREC Record number
IYEAR Year

IMONTH Month

IDAY Day

J0 Julian date

THOUR Hour (24-hour clock)
ILBIN Length parameter-bin index
IKBIN K-bin index

ISTBIN Stablity class bin index
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IHBIN
IFCAT
WD

FR

HLH
HODBEAM
HOTOT
0o
THETA

PHI

FK

PL

PH
The next sectio
program, and th
THE PLUME MODEL

Program Name:

Format:

Wind speed hin_index

Fogaing category number

Wind direction (degress E of N)

Ratio of initial plume excess temperature to temperature excess
at end of the visible plume

Initial densimetric Froude number

Mixing height {m)

Beam component of solar insolation for hour (mj/m2)

Total solar insolatien for hour (mj/m2)

Hours attributable to current record (normally)

Solar altitude in degrees: measured as angle of a vector from
ground to sun above horizontal

Solar azimuth in degrees: measured as angle of a vector from
ground to sun clockwise from south

Ratic of wind speed at averaging height to plume exit velocity
Plume Tength parameter
Plume height parameter

ns present the input/output for the PLUME model, the TABLES
e PAGEPLOT routine.

PLUMEMODEL

Standard FORTRAN card format, ANSI X3.9-1978
(FORTRAN 77) compatible. The source code is
also mostly compatible with ANSI X3.9-1966
(FORTRAN IV) except for limited input/output and
character data features. Source 1ines unique to
FORTRAN 77 are marked by the text F77 in the
sequence columns 73-80. These lines can be
deleted to make the source code FORTRAN IV
compatible; alternative FORTRAN IV code is
provided in comment statements where
substitution is required.
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Source Code Length: 3411 FORTRAN source records plus 3381 comment
cards for 8792 total.

Runtime Memory Requirements: Approximately 370,000 bytes (Compiler depende

Input Files: File 3 (FTO3FOO0l) -- Produced by PREPROCESSOR
Seasonal/Annual system

File § (FTO5F00L1) -- User prepared
Qutput Files: File 6 (FTO6F001) -- Intended to be PRINTER

File 8 (FTOBFOCL) -- Intended to be disk file
for use by TABLES in Seasonal/Annual system.

Card Image User Input: File §

CARD N1 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of unit 3 plume category data as created
the PREPROCESSOR program.

CARD N2 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name for standard print output
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CARD N3 (used with FORTRAN 77 only)

NAME

FNAME

CARD 1

NAME

ALABEL

NFOG

NORIFT

FORMAT DESCRIPTICN
(A32) File name of plume and drift data for eventual use by
the TABLES code.
FORMAT DESCRIPTION
2044 General heading for all cases
FORMAT DESCRIPTICN
I3 Qutput control switch (Printer)
0 = Only label and input constants
1 = Plume variables, but no tower conditions
2 = Plume variables and tower conditions
I3 Number of fogging/icing cases
0 = do not run any fogging cases, even if they have.
been generated by PREPROCESSOR = O run fogging cases
I3 Number of drift cases

0 = do not run drift with any case, but run plume
dispersion for all non-fogging/icing cases.

NCAT (=0) run the standard category cases (NCAT is the

total number of categories selected by the
PREPROCESSOR) .
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NSHADW I3 NCAT = 0 run the standard category cases (NCAT is the

total number of categories selected by the
PREPROCESSOR)

NFRAD [3 Number of fogging/icing radials to be read in. (If
zero is chosen and NFOG >0, a default of 16 occurs.)

SMAXP F10.1 Maximum distance (m) for plume and/or drift
calculations to be made

SMAXF F10.1 Maximum distance (m) for fogging calculaticns to be
' made (default is 1600)

NPORTS I3 Number of source ocutput ports (cells).

NUSER I3 Number of user-specified plates for wake entrain-
ment. A value of 0 defaults to the standard values
based upon the tower type. If non-zero, the user
assumes responsibility for computing all plate
parameters and supplying the proper additional input
cards according to the formats in the user's plate
section of the code.

NTWRS I3 Number of tower housings (leave blank faor NDCT).
ISOURC 13 Option control switch for effective source mode
000 = Multiple ports

001 = Effective source mode

NEXPL I3 Number of external plates for direct user input
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CARDS 3 THROUGH (AT MOST 19)

(A11 omitted 1f NFRAD = 0; radial 1imit is 50)

NAME FORMAT DESCRIPTION
RAD(1) F10.2 First radial distance for fogging (m)
RAD(8) F10.2 Eighth radial distance (m)

etc., 8 values per card for as many cards as needed to specify NFRAD

values, [f NFRAD = 0, then no cards of this type are read and the RAD array
is set by default to 100 m intervals out of 1600 m.

The following cards are read in if NPORTS >1:

CARD 4 "NPORTS" cards required)

NAME FORMAT DESCRIPTION
XC F10.1 X-coordinate of pert (m)
YC F10.1 Y-coordinate of port (m)
CARD §
NAME FORMAT DESCRIPTION
NWD [3 Number of representative wind directicns (maximum of
5)
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USERWD(1)
USERWD(2)
USERNW(3)
USERWD{4)
USERWD(5)
CARD &

NAME

IWEQN

DA
DB

THTWR(1)
THTWR (2)

THTWR(3)

Fl0.1
F10.1
F10.1
F10.1
F10.1

FORMAT

First wind direction (degress east of neorth)
Secand wind direction (degrees east of north)
Third wind directicn (degrees east of nerth)
Fourth wind direction (degrees east of north)
Fifth wind direction (degrees east of north)

DESCRIPTION

1213

FORMAT

Wind equivalent array for the 16 wind direction
sector. (1 < IWEQN < NWD).

DESCRIPTION

F10.1

f10.1

F10.1

F10.1

F10.1

F10.1

Actual diameter of CMDCT housing (m)
Length of LMDCT housing (m)
Width of LMDCT housing (m)

Direction of long axis of LMDCT (degrees east of
north)

Direction of long axis of LMDCT (degrees east of
north)

Direction of long axis of LMDCT (degrees of east
north)
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THTWR(4) Flo0.1 Directjon of long axis of LMDOCT (degrees east of
north)

CARD 8 ("NTWRS" cards required)

NAME FORMAT DESCRIPTION
XTHR Fio.1 Tower housing X-coordinate of center (m)
YTHR Flo.1 Tower housing Y-coordinate of center (m)

The following cards are required only if NEXPL 0. There must be NEXPL sets ¢
the following.

CARD P1
NAME FORMAT DESCRIPTION
CH F3.1 Wake height scale (m)
cL F8.1 Wake height scale (m)
CW Fe.1 Wake height scale (m)
Cas 2
NAME FORMAT DESCRIPTION
XPLAT F10.1 X-coordinate of plate
XPLAT F10.1 Y-coordinate of plate
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CARD P3

NAME FORMAT DESCRIPTICON
SPAN F10.1 Span of plate (m)
CHORD F10.1 Chord of plate (m)

The following cards are needed if MORIFT = 1.

CARD 1D
NAME FORMAT DESCRIPTION
DLAEEL 20A4 Label to identify drift data
CARD 20
NAME FORMAT QESCRIPTION
NOROPS [2 Number of drop sizes
DRIFTR E10.3 Orift rate (gm/s) (total drift rate from all sources)
CWSC E10.3 Cooling water salt concentration (gm salt/gm solution)
SDENS F10.3 Salt density (gm/cm’)

CARDS 3D THROUGH (NDROPS+2)D

NAME FORMAT DESCRIPTICON

DROP(I) F10.0 Ith drop diameter (m)




MASFRAC(I) E10.3 Fraction of mass emissicn rate (DRIFTR) between drops
(I-1) and I. (Set to zero for first drop.)

DRPCON(I) ELO0.3 Salt mass fraction for I'th drop interval (a zero
value defaults to CWSC)

TABLES PROGRAM
Program Name: TABLES

Format: Standard FORTRAN card format, ANSI X3.9-1978
(FORTRAN 77) compatible. The source code is
also mostly compatible with ANSI X3.9-1966
(FORTRAN IV) except for limited input/output and
character data features. Source lines unigue to
FORTRAN 77 are marked by the text F77 in the
sequence columns 73-80. These lines can be
deleted to make the source code FORTRAN IV
compatible; alternative FORTRAN IV code is
provided in comment statements whers
substitution is required.

Scurce Code Length: 939 FORTRAN source records plus 1293 comment
cards for 2232 total.

Runtime Memory Requirements: Approximately 360,000 bytes {Compiler dependent)

Input Files: File 4 (FTO4F001) -- produced by PREPROCESSOR
File 5 (FTO5F001) -- user prepared
File 8 (FTO8F001l) -- preduced by PLUME model

Output Files: File 6 (FTO6F001) -- Intended to be PRINTER
File 9 (FTO9F001) -- Intended to be disk file
for use by PAGEPLOT 1in Seasonal/Annual system.

Card image user input: FILE §

2-19



CARD N1 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of binary meteorological data passed by
PREPROCESSOR code aon unit 2.

CARD N2 {used with FORTRAN 77 anly)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of plume category passed from the
PREPROCESSOR code on unit 4.

CARD N3 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of standard print output.

CARD M4 (used with FORTRAN 77 only)

FNAME (A32) File name of plume and drift prediction data created
by the PLUME code on unit B,

CARD N5 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of SEASONAL/ANNUAL TABLES data for passing
to the PAGEPLOT code on unit 9.
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CARD 1

NAME
NSEASN

MM

FORMAT

i3

DESCRIPTION

Number of seasons (up to 5) that user wants to examine

Number of sector partitions to use in shadowing
(default 1)

The next pair of cards are repeated once for each user-defined season.

CARD 2

NAME

SEASON

NHOURS

IREC1

IRECZ

IYEARL

IYEAR1

Jh1

Jh1

FORMAT

DESCRIPTION

5A4

FORMAT

User selected season name

DESCRIPTION

IS

I5

I5

IS

I5

I5

I5

The number of hours in the user-defined season

The first tape record number in the user's season

The Tast tape record number in the user's season

The first year number in the user's season

The last year in the user's season

The first Julian day in the user's season

The last Julian day in the user's season
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THOURL 15 The first hour in the user's season

THOURZ 15 The last hour in the usar's season

Tower Effective Radius Card:

NAME FORMAT DESCRIPTION
RSTAR F10.3 Effective radius of the combined plume sources.

Grid Bracket Selection Card:

NAME FORMAT DESCRIPTION

NXL I3 Number of grids for length frequency table (Default
100}

NXH 13 Number of grids for height frequency table (Default
100)

NXR 13 Number of grids for radius frequency table (Default
100)

NXS I3 Number of grids for shadowing table (Default 40)

NXD I3 Number of grids for shadowing table (Default 40)

Now follow a variable number of grid radial cards, as many as required for the

number of grids specified by the preceding grid bracket card. The format of
each grid radial card is: 10F8.0
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THE PLOTTING ROUTINE PAGEPLOT

Program name:

Format:

Source Code Length:

Runtime Memory Requirements:

Input Files:

Qutput Files:

Card image input: FILE 5

PAGEPLOT

Standard FORTRAN card format, ANSI X3.9-1978
(FORTRAN 77) compatible. The source code is
also mostly compatible with ANSI X3.9-1966
(FORTRAN IV) except for limited input/output and
character data features. Source lines unique to
FORTRAN 77 are marked by the text F77 in the
sequence columns 73-80. These Tines can be
deleted to make the source code FORTRAN IV
compatible; alternative FORTRAN IV code is
provided in comment statements where
substitution is reguired.

224 FORTRAN source records plus 387 comment
cards for 611 total.

Approximately 105,000 bytes (Compiler dependent)
File 5 (FTO5F001) -- User prepared

File 9 (FTOSF001)} -- Produced by TABLES in
Seasonal/Annual system,

File & (FTO6F001) -- Intended to be PRINTER

CARD N1 (used with FORTRAN 77 only)
NAME FORMAT DESCRIPTION
FHAME (A32) File name of standard print output.

2-23



CARD NZ (used with FORTRAN 77 &nly)

CARD 1

NAME

ISIZE

ISCALE

CONT(1)

CONT(2)

CONT(3)

CONT(4)

FORMAT

(A32)

FORMAT

18

I3

F10.2

F10.2

Fl{}l E

F10.2

Card image input:

DESCRIPTION

File name of SEASONAL/ANNUAL output from TABLES for
PAGEPLOT code imput con unit 9.

DESCRIPTION

Size identifier for plots
1 = 21 rows by 42 columns (52 cols. total)
2 = 52 rows by 102 columns (112 col.s total)

Isoplot length scale identifier
1 = (-2 km to +2 km)

2 = (-5 km to +5 km)

3 = (-10 km to +10 km)

4 = (-20 km to +20 km)

First contour value desired in same units as table to
be plotted

Second contour value desired in same units as table to
be plotted

Third contour value desired in same units as table to
be plotted

Fourth contour value desired in same units as table to
be plotted

FILE:D
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NAME FORMAT

ALABEL 20A4

CARD 2

NAME FORMAT

BLABEL 20A4

CARD 3
NAME FORMAT
CLABEL sA4

DESCRIPTION

Label describing physical effect plotted including
units

DESCRIPTION

Label describing site and/or metecrological data
source

DESCRIPTION

Label describing season selected

CARDS 4 THROUGH (2*NRAD+4) have FORMAT (10E8.3)

RAD(1) Ith radial distance (km)

AR(I,J) I:1 to 16, 1 to NRAD (max. 50) gives the values of the envirormental
effect to be plotted, where I labels the 22.5 degree sector clockwise from
and J labels the radial distance in accord with RAD(J). With the abaove
format each radial will occupy two cards.

Array will be stored as:
RAD(1). AR{I,l).AR(E,l}....,AR{B,I)
AR{ID,l),AR(ll,l},...,AR(lﬁ,l}
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RAD(2),AR(1,2),...
AR(10,2).AR(11,2)...

Etc.
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Section 3

CASE STUDIES ILLUSTRATING APPLICATION OF THE
SEASONAL/ANNUAL MODEL

CASE STUDY 1: APPLICATION TO LINEAR MECHANICAL-ORAFT COOLING TOWERS

The site in this example has two parailel liner mechanical-draft towers
separated by a distance of 140 meters. Fach tower has 9 cells equally spacad
11 meters apart measured center to center. The tower housing is 16.9 meters
high, 98.8 meters long and 22.2 meters wide. The parallel housings are
oriented so as to lie at a 45 degree angle with respect to north along a line
north-west and south-east. Figure 3-1 provides a sketch of the tower
configuration. Table 3-1 summarizes the information to be used concerning the
drift as emitted from the cooling tower. Predictions are reguired on a
seasonal and annual basis using one year of NWS data from Chicago, [11inois.

The PREPROCESSOR code reguires a single effective-source for determining
categories of plumes which are used to create seasonal/annual predictions.
The combined air flow rate from all 18 cells is 13,818 kg/s. The effective

source diameter is 38.78 meters, and the total heat dissipation rate is 1400
M.

The example site s geographically located near Chicago at latitude 42 degrees
north and longitude 88 degrees west and the available meteorclogical tape

represents one year of data consisting of 8760 hourly records in the format of
a CD144 tape. No records will be skipped in this run. The mixing height will

be taken as urban. Fogging and icing will be computed since this is a
mechanical-draft cooling tower.

The data on monthly clearness indices and solar insolation are supplied along
with the preceding information on 6 cards as input to the PREPROCESSOR code.
A 1isting of the entire input required by the codes is given in Tables 3-2 to
5-5. The PREPROCESSOR code input is Tisted in Table 3-2. The PLUME code

input as listed in Table 3-3. Tables 3-4 and 3-§ present the TABLES and PAGE
PLOT input.

3-1



After running the PREPROCESSOR code, we find that we have L0 fogging and 31
plume cases for irput to the plume and drift code. At this point, the plume
code must be run. The user input file for the PLUME code will specify fogging
and drift switches of 1 so that these features are computed. Plumes will be
computed to a centerline distance of 10,000 meters and the default number of
16 fogging radials will be generated. The input will specify 18 cells for

multiple plume releases and two tower housings for the purpose of computing
wake entrainment.

The coordinates of each cell in north-south coordinates must be provided. It
is important to select a central original representative of the site
:nﬁfigurntiun as the center of the coordinate system for specifying the cell
information because subseguent calculations for drift deposition and

fogging/icing will be relative to this origin. The tower housing coordinates
and dimensicns are also reguired.

The user must also decide on the number of wind directions and the angles that
are to be run for the plume set. In this example, 3 directions of 0, 45 and
180 degrees east of north were selected, and 16 sectors were assigned to
corresponding wind directions based on symmetry considerations.

Finally, the drift spectrum is provided in Table 3-1 for this example. It
represents a typical mechanical-draft spectrum with 31 drop sizes. The data
in this example were taken from measurements at the Pittsburg, California
mechanical-draft cooling towers. The total sait emission rate for all 18
cells of one mechanical-draft cooling tower were 171.36 g/s, the cooling water
sale concentration was 0.005 g salt/g solution, and the density of dry salt
was 2.17 gfcm3. along with this information, the drop size for each of the 31
bins and the mass fraction for that bin were supplied.

The PLUME code was run using the above information, and automatically. the
relevant data files for the TABLES code were created. To run the TABLES code,
the user need only specify the choice of radial spacing, season definitions
for each season (up to 5), and the effective-source radius. In this example,
the defaults of 4 calendar seasons plus annual and default grid increments for
the TABLES output were used. Table 3-6 provides a computer listing of the
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input files required to run the PREPROCESSOR, PLUME, TABLES, AND PAGE PLOT
codes. )

Tables 3-7 to 3-19 present samples of the computer output from Case 1.
Selected results will be presented from the TABLES and PAGE PLOT routines.
Tables 3-7 to 3-9 present the results of the PLUME model runs for the 30
categories chesen by the PREPROCESSOR code. Table 3-7 presents runs for each
of the 30 categories with the wind direction at a 45° angle to the 1ine of
towers. Table 3-8 presents similar runs for the 30 categories for the wind
direction at 90° to the centerline of the coeling tower. Table 3-9 presents
the resuits of 30 runs of the PLUME code with wind direction angle leading to
the in-1ine case (180° wind direction angle with respect to cooling tower
axis}. Table 3-10 provides a table of the frequency of occurrence of the 30
categories with wind direction. Table 3-11 provides auxiliary tables useful
for Appendix D calculations of the effects of compiex terrain.

Table 3-12 1ists the probability that the visible plume will be longer than a

given length (e.g., 1400 m) in a particular wind direction (e.g., plume headed
north).

Table 3-13 presents the hours of shadowing in the winter season by the plume

at a given distance and a given direction. Tables 3-14 to 3-16 present other
measures of plume shadowing:

Table 3-14 - total solar energy loss at a given point in mjfm2
due to the plume's shadow.

Table 3-15 - percent of the energy loss compared to the total
solar heat flux at a point on the ground.

Table 3-16 - percent loss of the direct (beam) energy incident
on the ground due to the plume shadow.

Table 3-17 provides the salt drift deposition in kgkaznmo at each point on
the ground. A1l values inm this and other tables refer to the sector averaged

value for the sector represented by the "distance from tower" and "wind
direction".
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Table 3-18 presents the hours of plume fogging for the winter as a functian of
direction and distance from the tower.

Table 3-19 1ists the hours of rime ice at any distance and direction from the
tower.

Figures 3-2 to 3-9 present line printer plots of the tables presented in
Tables 3-12 to 3-19. The scale is in kilometers and the center of the tower
complex is represented by two @ symbols located at (0,0). A1l tabular values
are rounded off to the nearest contour vaiues as printed out in the legend. A
rerun of the PAGE PLOT code with user inputted contour values may provide
results that better satisfy the user's needs.
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TabTe 3-1. Characteristics of drift
emissions from the mechanical-draft
cooling tower in Case Study 1

Orop Spectrum

Diameter
(Microns) Mass Fraction
0- 10 0.0
10 - 20 0.0053
20 - 30 0.0430
30 - 40 0.0741
40 - 50 0.0651
80 - 60 0.0548
80 - 70 0.0351
70 - 80 0.0326
90 - 110 0.0178
110 - 130 0.0095
130 - 150 0.0076
150 - 180 0.0011
18¢ - 210 0.0117
210 - 240 0.0132
240 - 270 0.0141
270 - 300 0.0182
300 - 350 0.0267
350 - 450 0.0229
450 - 500 0,0151
500 - 600 0.0433
600 - 700 0.0351
700 - 800 0.0382
800 - 200 0.0273
900 - 1000 0.0171
1000 - 1200 0.0319
1200 - 1400 0.0332
1400 - 1600 0.0643
1600 - 1800 0.0221
1800 - 2000 0.307
2000 - 2200 0.1540
Drift rate 171.36 g/s (total for 18 cells for one
tower)
Salt concentration in cooling water 0.005g sg1t (NaCl/g solution)
Density of dry salt 2.17g/cm
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Card 1

[TITLE

Card 2:

ISTOP
ISKIP
ouT
IMIX
IUR
IWIND

NFOG
NDRIFT
ITOWER

ITAPE

TZONE

Table 3=2.

Cooling Tower Case Study

PREPROCESSOR Model input form -- Mechanical-Draft

TITLE:  Linear Mechanical Draft Cooling Tower

-~ Dual Array Configuraticn

Number of Records Read (0 = A11).....vu.... .t
Skip Control (1 = No Skip, 2 = Every Other)..
Qutput Contrel (0 = Full, 1 = No Records)....
Mixing Height Switch (1 = Ave., 2 = Tape)....
Mixing Height Type (1 = Rural, 2 = Urban)....
Stability Class Switch for NRC Tape
(1 = Sigma Theta, 2 = Delta-T).eueennrennan
Fog Calculaticns 2 {0 = No, 1 = YB8) .y ysrss
Drift Calculations 7 (0 = No, 1 = Yes).......
Type of Tower (1 = NDCT, 2 = CMDCT,
K 1 0 o
Type of Tape (1 = CD-144, 2 = NRC,
3 = TOF-14)..... Ceeeeeaenn
Time Zone (5 = Eastern, 6 = Central,
7 = Mountain, B = Pacific).ieesa. P ek

Site Latitude in Degrees North Latitude......

3-6

Columns

(1-80).

(1-6).
(7-12).
(13-14).
(15-16).
(17-18).

(19-20).
(21-22),
(23-23).
(25-26).

(27-28).

29-30).

(1-10).



ALONG
ROUGHT
HREF
HTMIX

Card 4:
THWRHT
TWRDM
TWRHE
TWRAF

Card 5:
CKT(1)
CKT(2)
CKT(3)
CKT(4)
CKT(5)
CKT(6)
CKT(7)
CKT(8)
CKT(9)
CKT(10)
CKT(11)
CKT(12)

Table 3-2 (Continued)

Site Longitude in Degrees West Longitude.....
Roughness Height (em)eieennn...... R
Reference Height of Met Tape (M)u........ ,
Annual Average Mixing Height (m)

(OnTy 3F IMIX = 1)iciininniennesnnnnennnns

- .

Tower Effective Height (m)....vvvvievnnn.n...
Tower Effective Exit Diameter (m)...... —
Tower Effective Heat Rejection (MW)......... 5
Tower Effective Air Flow (kg/s)....... ;

iiiiii

January Clearness INdeX..uuueeeeveeesennnnnss.
February Clearness IndeX............. o A
March Clearness Index.....cveeeinnennnnnnns,s
April Clearness INdeX....ocuueeenenn. AT
May Clearness IndeX...eeeeueeuun.. i A i
June Clearness Index....... R R “iia

oooooo

October Clearness IndeX....oeoeeonnonns SR
November Clearness IndeX.......
December Clearness Index..... T T

3-7

88
1.0

10.0

(N/fA)

_16.9
38,78
_1400.0

13818.0

51
50
52
48
53
56

55

57

55

92

43

43

(11-20),
(21-30).
(31-40).

(41-50).

(1-10).

(11-20).
(21-30).
(31-40).

(1=
(4-6).
(7-9).
10-12).
(13-15).
(16-18),
(19-21).
(22-24),
(25-27).
(28-30).
(31-33).
(34-36).



TaE1e 3-2 (Continued)

Card 6:

HAVG(1)  January Daily Solar Insolation (mj/m’)....... 7.15 (1-5).
HAVG(2)  February Daily Solar Insolation (mj/m’)...... 9.70 (6-10).
HAVG(3) March Daily Solar Insolation (mi/m’)......... 13.63 (11-15).
HAVG(4)  April Daily Solar Insolation (mj/m°)......... 16.31 (16-20).
HAVG(5) May Daily Solar Insolation {(mi/m°) vee.ww.... 20.78 (21-25).
HAVG(6)  June Daily Solar Insolation mj/m® ...... S 23.13 (26-30).
HAVG(7)  July Dafly Solar Insolation (mj/m°) vv....... 22.04 (31-35).
HAVG(8)  August Daily Solar Insolation (mj/m°)..... e 20.32 (36-40).
HAVG(9)  September Daily Solar Insolation (mj/m’)..... 16.06 (41-45).
HAVG(10) October Daily Solar Insolation (mj/m’) ...... 11.08 (46-50).
HAVG(11) November Daily Solar Insolation (mj/m’)..... : 6.57 (51-55).
HAVG(12) December Daily Solar Insolation (mj/m°)...... 5.48 (56-60).
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Table 3-3. PLUME Model input form -- Mechanical-Oraft
Cooling Tower Case Study

Card 1: Columns
ALABEL General Heading: Linear Mechanical-Draft

Cooling Tower Example -- Dual Line Array

Configuration........ R — e (1-80).
Card 23
I0UT Btpit Contird T SwHEEl .o cvmpininesinns R 2 (1-3).
(0 = Plume Variables Only,
1 = Plume Variables and Tower Conditions,
2 = Only Label and Input Constants)
NFOG Fogging/Icing Control Switch.vuueeuwon.. PO i (4-8).
NORIFT Number of Drift Cases (0 = No Drift,
1 =Run Drift).s.icaas T, R 1 (7-9).
NFRAD Number of Fogqing/Icing Radials..... A Blank (10-12).
SMAXP Maximum Distance for Plume Calculations (m).,. 10000.0 (13-22).
SMAXF Maximum Distance for Fogging Calculations.... Blank (23-32).
NPORTS Number of Source Exit Ports (Celis).......... 18 (33-35).
NUSER Number of User-Specified Plates for
Wake Entrainment........... R B 0 (36-38).
NTWRS Number of Tower Housing (Leave Blank '
s 50| ] S R e e 2 (39-41).
ISOURC Effective Source Mode Switch (0 = Multiple
Mode, 1 = Effective Sourea)  ccivesiserivis 0 (42-44).
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Card 3 is omitted since NFRAD=0 so 16 default radials are generatad.

Card 3:
RAD(1)
RAD(2)
RAD(3)
RAD(4)
RAD(5)
RAD(8)
RAD(7)
RAD(8)

Card 4:
xC
YC
£C
YC
xC
YC
XC
YC
XC
YE
XC
YC
XC
¥C

Table 3-3 (Continued)

(Repeated soc as to supply NFRAD Values)

First Radia) Distance {kmy.oossvonisiavianaas
Second Radial Distance (km)....esvvevennnnens
Third Radial Distance (km).ccccaauaas S
Fourth Radial Distance (km)..coeeercvunannnnn
Fifth Radial Distance (km)eveceanacaanans e
Sixth Radial Distance (km)...... P e

Seventh Radial Distance (km) .......

Eight Radial

Distance (km)

-------------------

(Repeated once for each cell)

X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
A-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
¥-Coordinate
X-Coordinate
¥-Coordiante

of Cel¥(1):..
of Celi(l)...

of Cel11(2) ..

of Ce11(2) ..
of Cell1(3) ..
of Cel1(3) ..
of Cell(4) ..
of Cell(4) ..
of Cell(5) ..
of Cell(5)...
of Cell(6) ..
of Cell(6) ..
of Cell(7) ..
of Cell{7) ..

TR R EEEE ]
-------------------
-------------------
FFE PP FFEFEREREFREFTRAES
-------------------

-------------------

LI B N B N R ]
R AR E AR AR RS E S eEE
LU I N B
LA LR N AR B N ]
L R R RN R N
LR R EREERE RS R ] LR

-------------------
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18.38
80.61
26.16
72.83
33.94
65.05
41.72
57.28
49.50
49.50
8727
41.72
65.05
33.594

(1-10).

(11-20).
(21-30).
(31-40).
(41-50).
(51-60).
(61-70).
(71-80).

(1-10).
(11-20).
(1-10).
(11-20).
(1-10).
(11-20).
(1-10).
(11-20).
(1-10).
(11-20).
(1-10).
(11-20).
(1-10).
(11-20).




XC
YC
XC
YC
XC
¥C
XC
YC
AC
YC
XC
YC
XC
YC
XC
YC
XC
¥C
XC
YC
XC
YC

Card 5:
NWD

X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate
X-Coordinate
Y-Coordinate

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

Table 3-3 (Continued)

Cell1(8)..... A R R RRG
Cel1(8)
5
58 £ ) A — N TR
Cel1(10)
Cel1(10) ...
Cell(11)
Call(1ll)
Cell(12) .
BEITELRY \mnmomngs v
Cel1(13)
CEITILBY swwmmmmmnsmmmnmamns
5 B R —————— ;
Call(14)
Cell(l8) suvinnnnnincnnnnnann
EELTEIRY wnmwrwmnmansmsmnn oos
Cel1(16)
CEVLEIBY wommmmmmmnmonnisin E—
Cel1(17) i
5% s S ——— e
Ce11(18)
CEVELIRY swmumvonmensa

---------------------

--------------------

Number of Representative Wind Directions.....
USERWD(1) First Wind Direction (degrees east of north).
USERWD(2) Section Wind Direction (degrees east of north)

3-11

0.0

(1-10)
(11-20)
(1-10)
(11-20)
(1-10)
(11-20)
(1-10)
(11-20)
1-10)
(11-20)
(1-10)
(11-20)
(1-10)
(11-20)
(1-10)
(11-20)
(1-10)
(11-20)
(1-10)
(11-20)
1-10)
(11-20)

(1-3)
(4-13).
(14-23),



Table 3-3 (Continued)

USERWD(3) Third Wind Direction (degrees east of north).
USERWD(4) Fourth Wind Direction (degrees east of north)
USERWD(5) Fifth Wind Direction (degrees east of north).

Card 6:

IWEQN(1)
IWEQN(2)
TWEQN(3)
IWEQN (4)
IWEQN(S)
IWEQN(®6)
TWEQN(7)
IWEQN(8)
TWEQKN(9)
TWEQN(10)
IWEQN(11)
IWEQN(12)

Hind
Wind
Wind
Wind
HWind
Wind
Hind
Wind
HWind
HWind
Hind
Wind

IWEQN(13) Wind

TWEQN(14)
TWEQN (15)
TWEQN (16)

Card 7:
TWRADM
DA
OB

Wind
Hind
Hind

Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence
Equivalence

Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number

for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for

SECLOr B aivins

Sector
Sector
Sector
Sector
Sector
Sector
Sector

11".‘.#‘-‘-
12---.;-1:

ldiiiill--ll
15-iltﬁiil
lﬁtht---l'

(Omitted for natural draft cooling tower)

Diameter of CMDCT Housing (m):.....
Length of LMOCT Housing (m)...
Width of LMDCT Housing (m)...

3-12

-----

------

----------

----------

45.0
Blank
Blank

Ll L Lo LS T S T F N R [ T e | o B [ T [V [P PR N ]

(24-33).
(34.43)
(44-53).

(1-3).
(4-8).

(7-9).

(10-12).
(13-15).
(16-18).
(13-21).
(22-24).
(25-27) .
(28-30).
(31-33).
(34-36).
(37-39).
(40-42).
(43-45).
(46-48).

(1-10).
(11-20).
(21-30).



THTWR(1)
THTWR(2)
THTWR(3)
THTWR(4)
Card 8:
XTHWR
YTHR

XTHR
YTHR

Table 3-3 (Cun;inueﬂ]

LMDCT Long Axis Direction (degrees east

of north)..zaas AR R R
LMDCT Long Axis Direction (degrees east of

18] g G P o T e o T 3
LMOCT Long Axis Direction (degrees east of

T g 4 1 T R
LMDCT Long Axis Direction (degrees east of

HOEER vnwmsamimsnims sy T L T e e e

_135.0

135.0
Blank

Blank

(Omitted for NDCT, otherwise supply 1 per tower housing)

X-Coordinate of Tower Housing Center (m).....
Y-Coordinate of Tower Housing Center (m).....
X-Coordinate of Tower Housing Center (m).....
Y-Coordinate of Tower Housing Center (m).....

49.5

The following cards P1-P3 are not required since NPLATE = O.

Card P1:
CH
CL
CH

Card P2:
XPLAT
YPLAT

Wake Height Scale (m)....... T T N Rty
Wake Length Scale (M)..iiavivvavvavansaie o
Wake Width Scale (m)..... A R
X-Coordinate of Plate (m)........... vessasune
Y-Coordinate of Plate: [B)iiiveiveesveveivasns

3-13

N/A
N/A

(31-40).
(41-50).
(51-60).
(61-70).
(1-10).

(11-20).

(1-10).
(11-20).

(1-8).
(9-16).
(17-24).

(1-10).
(11-20).



Table 3-3 (Continued)

Card P3:
SPAN Span of Plate (M)evseanas T N/A
CHORD Chord of Plate (M)ueeaves R N/A

Card 1D: These Cards are Required 5ince MORIFT = 1.
DLABEL Drift Label: Linear Mechanical Draft Cooling
Tower Example --Typical Drift Emission

Spectrum
Card 2D:
NOROPS jumber of Drop Sl1zeS.cccueweivirsesmessmmas 31
DRIFTR  Drift Rate (g/s)s.vesavivunvamannia SR 171.36
CWSC Cooling Water Salt Concentration (g salt/

s HET] oy o] e R R R R " 0.005
SDENS Salt Density {gfcmaj ........................ . %

Card 30: (One card for each drop bin):

DROPS Ith Range in Drop Diameter (um)...cceocn.... . 5ee belaw
MASFRAC  Fraction of Mass Emission Rate in that

Range llllllllllllll e E SRR e A d R R R R R R SEE bETﬂW
DRPCON Fraction of Salt in I'th Drop (g salt/
g solution) (0.0 Defaults to CWSC)..ivvee.. 0.0
10.0 0.0

20.0 0.0053
30.0 0.0430
40.0 0.0741
50.0 0.0651
60.0 0.0548
70.0 0,0351
90.0 0.0326
110.0 0.0178
130.0 0.0095
150.0 0.0076

3-14

(1-10).
(11-20).

By,
(3-12).

(13-22).
(23-32).
(1-10).

(11-20).

(21-30).



Table 3-3 (Continued)

180.0 0.0011
210.0 0.0117
240.0 0.0132
270.0 0.0141
300.0 0.0182
350.0 0.0267
450.0 0.0229
500.0 0.0151
600.0 0.0433
700.0 0.0351
800.0 0.0382
900.0 0.0273
1000.0 0.0171
1200.0 0.0319
1400.0 0.0332
1600.0 0.0643
1800.0 0.0221
2000.0 0.0307
2200.0 0.1540
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Card 1:
NSEASH

NHOURS
IREC1
IREC2
IYEAR]
IYEAR2
J01
Joz
THOUR1
IHOUR2

Table 3-4. TABLES input form -- Mechanical-Draft

Cooling Tower Case Study

Number of SeasonS..........

LR R B R B R R I

Number of Shadowing Sector Partitions........

Season Name. ...ceeeeeas .

Blank (for defaults)

Humber Of Hﬂurs -in Seasnniiiiiifiirir'iitilll

First Record in Season........ Av B saTes e s s
Last Record 10 Seasofu e e s s A
First Year in Season..... R
Last Year in Season..... T
First Day in Season......... R
B~ Lo ] WSl (BT LT | SRS, S

First Hour in Se8S0M.cecsesrsvreonscnnnsnssns

Last Hour in SeasonNeseseccacss R

Card 2 and Card 3 format for each of 4 other seasons:

3-16

Winter

Blank

Blank

Blank
_Blank__

Blank

_Blank _
_Blank
Blank
Blank

Spring
Blank

Summer
Blank
Fall
__Blank
Annual
_ Blank

Columns

(1-3).
(4-6).

(1-20).

(1-5).
(6-10).
(11-15).
(16-20) .
(21-25).
(26-30).
(31-35).
(36-40).
(41-45) .

(1-20).
(1-45).
(1-20).
(1-45).
(1-20).
(1-45).
(1-20).
(1-45).




Card 4:
RSTAR

Card 5:
NXL
NXH
NXR
NXS

NXD

Table 3-4 (Continued)

Effective Radius of Combined Plume
TS el L 1 SRR pR——— T

Number of Length Divisions.....ievvvennannans
(Blank Field Defaults to 100)

Number of Height Divisions...cieeveeccnscnenas
(Blank Field Defaults to 100)

Number of Radial DivisionS..eececseecsssnsnns
(Blank Field Defaults to 100)

Number of Shadowing Radials.....eeecesesnsnss
(Blank Field Defaults to 40)

Number of Drift RadialS..iecvesansssnsanssaes
(Blank Field Defaults to 100)

Card 6 And Up: not required since defaults were used

If NXL is non-zero, provide NXL radials in meters for length table.
If NXH is non-zero, provide NXH radials in meters for height table.

Etc.

The format of these cards is 10F8.0
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Blank

Blank
Blank
Blank
Blank

Blank

(46-55).

(1-3).
(4-6).
(7-9).
(10-12).

(13-15).



Card 1:
I1SIZE

ISCALE

CONT(1)
CONT(2)
CONT(3)
CONT (4)

Table

3-5. PAGE PLOT input form -- Mechanical-Draft

Cooling Tower Case Study

P‘1ﬂt s-iZE IdEntifiErliiiii!ii!l#!itt*#!f“‘#‘

(1
2

21 Rows by 42 Columns
51 Rows by 102 Columns)

Isoplot Length Scale......... e

(Blank
(1

1]

]

2
3
4

Field Defaults to 2)
-2 km to + 2 km

-5 km to + 5 km

-10 km to +10 km
-20 km to + 20 km)

First Contour VYalu€.cesieeseans R
Second Contour Valu€..eeecenennas e T pT L
Third Contour Valueicesssasisssninessnanssane
Fourth Contour Value...eeesisasiwana PRI o

Blank

Blank
Blank
Blank
Blank

Supply 5 seasons x 9 tables/season = 45 blank cards for defaults
Blank

(1-3).

(4-6).

(7-16).

(17-26).
(27-36).
(37-46).



Table 3-6. Listing of input files for PREPROCESSCR, PLUME,
TABLES, and PAGEPLOT codes for Case Study 1

LIHEAR MECHAMICAL DRAFT COOL TOHER ==
.2 % 1 0 1000o0.8 9.0 18 @ 2
18,18 B0.61
6.6 72.83

ﬂ'-ul-ll. LINE ARPAY COHFIGURATION

-18.38 -&0.61

3 135.0 0.0 45.0

23332111233 32111
=.2 135.0 135.9

58.8

49,50 49.50
=4%.30 =49.50
I'ﬁHE.IR MECHAMICAL CCOLING TOWER EXAHPLE == TYPICAL DRIFT DEPOSITION SPECTRLM

171,34 005 2.%7
10.0 0.0009 0.0
20.8 0.0453 4.0
i0.9 .054%3 B.4
0.0 0.0741 6.8
0.0 0.0651 0.9
60.0 0.055%8 2.0
0.0 0.0351 9.0
50.0 0.0%26 2.0
110.0 0.0%78 0.0
130.9 00055 0.0
150.4 R.007& n.e
120.0 a.0110 0.
210.0 a.e117 6.0
260.0 a.9132 0.0
270.0 g.01a1 0.0
3oa.e 0.0122 0.0
359.0 0.0267 0.0
470.8 0.0233 0.q
£50.0 0.022% 0.0
s00.0 a.01%1 n.e
£00.0 9.0433 0.0
700.0 0.2351 0.9
00.0 0.0332 0.0

399.8 00275 0.0

1000.9 0.0171 0.0

.24 0.0339 g.ﬂ

1400.9 0.0 A

1600.10 0.0443 n.a

1290.0 0. 9221 2.0.

Z000.0  0.0307 4.0

2200.9 0.155%9 0.0



S 0

WINTER

SPRINE

SUHHER

FALL

AMHUAL

a.4
0 8 009
1 5.00
L 0.0
10 oog
10 aong
10 0000
20 noon
20 Bog0
0 oooa
10 oodo
il Gooa
10 tooo
10 0009
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Table 3-7. Summary output of PLUME code providing listing
of visible plume length, rise, and final visible radius
for wind Direction of 45° to line of towers

EPRT SEASTMAL/AMMUAL TARLES PROSRAM. VERSIDH 09-01-%%
LINEAR MECHAHTCAL TRAFT COOLING TOWER == OUAL LINE ARRAY COMFIGURATIOH

SUHHARY OF PLUME PREDICTIONS WHENW WitD I3 FRoel 0.0 DEBREES EAST OF MDRTH

CAT HO. FLUME LEHGTH PLUHE HEIGHT FLUME RADIUS
" 12.60 9.4 6.10
12 1330 13.7 6.20
13 1420 18.5 &.60
14 12.20 E.0 5.c0
1% 23.90 16.5 8.10
16 Z2.50 18.4 11.00
7 25.20 17.8& 11.00
& 2280 8.1 12.50
19 32 21.9 13.58
20 iz.m 2.1 - 14.00
21 45.50 28.9 17 .20
22 299.24 5.4 37.54
Z3 30529 115.3 39.50
2% &57.00 115.2 5644
25 557,10 17.9 2.2
26 51940 167.2 E2.70
27 609.4 208.0 62,10
= 178, 2524 &6, 10
7 4319.70 754.9 168.80
34 21,50 757.2 167.50
31 4020.30 TE.§ 19250
2 521820 555.5 18574
£ §4235.280 Ti5.0 22920
34 333390 6854 Z10.20
35 3527 .60 645.0 £13.10
36 3526.00 ERE.3 235 .40
37 252310 570.5 202.50
I 2759520 538.1 187.90
39 20 187.2 122.50
&0 B1{S3._00 T13.9 257.80
%1 FIE.T0+ 27,54 15060+

# & PFLUS STEH THDICATES THAT THE VISIBLE PLUME DID HOT EMD WITHIM A CENTERLINE DISTAMCE OF 10000.0 METERS
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Table 3-8. Summary of ‘output of PLUME code providing listing
of visible plume length, rise, and final visible radius
for wind direction of 90° (crossflow)

EPRI SEASDHAL/AMMUAL TABLES PROGRAH. YERSIOH 095-01-36
LIMEAR MECHAMICAL DRAFT COOLIME TOWER == DUAL LINE ARRAY CONFIGURATION

HHURYT OF PLLME PREDICTIONS BHEH WIND IS FROH 45.0 DESREES EAST OF HORTH

CAT M. PLLME LENGTH FLUME HEIGHT PLLME RADTLS
1 51.20 7.3 15.50
12 55.50 3.4 19.50
3 S5.40 47.4 23,20
1% 71.40 19.4% 18.20
15 129.20 59.5 5.7
16 143.90 683 308.10
17 154.00 6E.% 3.0
18 236.00 7.1 Z9.60
1% 227.480 86.7 Z.30
20 258 60 1012.3 35.50
21 108 50 111.7 - 42.50
= 400.50 Tt 45.70
23 405,99 135.7 47.20
F 502.50 143.8 50.80
= 57280 170.6 54,20
Fa] E68. 60 157.9 58.50
=7 760.00 219.2 65.70
o 105110 08,1 62.50
=9 5525, 40 751.7 157.00
in 4527.00 73%.0 165.30
31 .70 7271 1%5.20
2 3EE2.10 659.3 187. 10
] 4529.20 7I6.6 215,80
i5 392760 [ 20630
5 363210 6509 205.00
15 3928.10 G646 225.10
7 2626.50 S69.9 200.40
.4 £703.00 531.6 193.60
39 247 .20 161.5 115.30
Ll 456.20 712.2 259.60
&1 9991.80+ 5.0 . 190.50+

® A PLUS SIGH IHOICATES THAT THE VISIELE PLUME DT0 HOT EMD HITWIM & CEMTERLIME DISTAMCE OF 10000.0 HETERS
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Table 3-9, Summary of output of PLUME code providing listing
of visible plume length, rise, and final visible radius
for wind direction of 180° (in line)

EPRI SEASCHALCAHMUAL TABLES PROGRAM. VERSION 00-81-25
LINEAR WECHAHICAL DRAFT COOILTMG TOWER -- DUAL LIME ARRAY CONFISURATION

HRTURY OF PLUME PREDICTIONS WHEM WIMD IS FROM 135.0 DEGREES EAST OF HORTH

CAT HO. FLIME LENSTH PLUME HETENT FLUME RADTUS
11 17.50 6.5 5.%0
= 1840 5.4 E.10
13 15.20 8.2 660
4 27.20 1.3 6.10
15 15.20 2.1 7.2
1% 27.50 9.5 B.40
17 Z8.50 8.7 .60
12 9. 10 18.1 10.90
19 37.60 2.7 13.10
20 I7.40 235.1 14.40
21 E0.50 3.1 17.10
= 202,18 3.7 25.50
23 226,80 9.6 2B.00
24 298,10 112.0 30.50
F=1 352,80 133.5 35.20
25 428,50 159.3 50.40
=7 EXE. 10 198.5 EE. 10
28 704,40 294.7 62,40
27 927,70 279.6 &7.40
30 §118.40 750.6 166.50

- n 3917.20 729.2 19820
32 37T 6584 185.80
33 §221.50 T34 215.70
4 519,40 6937 208210
L3 525.30 b46.2 210.50
6 35217.80 5.9 22800
v 252,90 572.9 207.20
"1 ZE99.50 533.% 247.10
39 237.70 170.1 118,70
&0 B153.20 713.6 Z92.80
&1 85,90+ &79.0% | 187 .60

* A FLUS SIBH IMDICATES THAT THE VISIELE PLUME DID MOT EMD MITHIN A CEWTERLIHE DISTAMCE OF 10000.0 HETERS

3-23



Frequency of cccurrence of 30 categories with

wind direction for Case Study 1 -- one year of data
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of statistics on meteorological data

needed for application of Appandix.U on complex t

Summa ry

Table 3-11.
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Hours of shadowing with distance and direction

due to plume shadow -- .winter seascn
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Total solar energy loss at a given distance

rection due to plume shadow -- winter seasan

Table 3-14.
and d
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Percent loss of direct (beam) energy incident

on the ground due to plume shadow -- winter season

Table 3-16.
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541t drift depesition as a function

of distance and direction -- winter season

Table 3-17.
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Table 3-17 (Continued)
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Hours of rime ice as a function of

distance and dirsction from the tower

Table 3-19.
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Figure 3-1. Sketch of geometry and orientation of mechanical-draft
cooling towers used in Case Study 1.
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Figure 3-2. Isopleth plot of results presented in Table 3-12
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CASE STUDY 2: APPLICATION TO NATURAL-DRAFT COOLING TOWERS

The site in this example consists of 3 nearly colinear natural-draft cooling
towers. The geometry and size of towers is similar to the configuration at
the Amos Power Plant. The representative tower height is takesn as 124.0
meters and the effective diameter for the combined source is 113.76 meters.
The heat flux at full capacity is taken to be 3648 MW. The towers are
oriented so as to 1ie at approximately an 11.25 degree angle measured
caunterclockwise from north along a 1ine joining NNW and SSE.

The PREPROCESSCR code requires a single effective source for determining
categories for plumes representing the seasonal/annual predictions. The
combined air flow rate from all 3 towers is 55000 ka/s.

The example site is geographically located near Chicago at latitude 42 degrees
north and longitude B8 degrees west and the available meteorclogical tape
represents one year of data consisting of 8760 hourly records in the format of
a (D144 tape. No records will be skipped and the mixing height will be for
urban surroundings. Fogging and icing will not be computed in this sample

case since this is a natural-draft tower (ITOWER=1). The central time zone is
presumed.

The known meteorological data for monthly clearness indices and solar

insolation are supplied along with the preceding information on € cards as
input to the PREPROCESSOR code.

Our run of the PREPROCESSOR code leads to 35 cases for input to the plume and
drift code. At this point, the PLUME code must be run. The user file for the
PLUME code will specify a fogging switch of O and drift switch of 1 so that
only drift features aré computed. Plumes will be computed to a centerlina
distance of 10000 meters and the default number of 16 fogging radials will be
generated. The input will specify 3 towers as multiple plume sources and ro
tower housings for purposes of computing wake entrainment. This will cause
the default method to generate 1 plate per source (based on the tower
diameter) for use in computing the wake of each tower.
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The coordinates of each NDCT in north-south coordinates must be provided. It
is important to select a central origin representative of the site
configuration as the coordinate system for specifying the tower information
because subseguent calculations for drift deposition will be in relation to
this origin. The tower housing coordinates and dimensions are also required.

The user must also decide on the number of wind directions and angles that are
to be run for the plume set. In the example, 3 directions of 157.5, 11.25,
and 67.5 degrees east of north were selected, and these wind directions were
assigned to the 16 sectors based on symmetry considerations.

Finally the drift spectrum is provided in Table 3-20. The spectrum represents
the annual average of the spectra measured at the Chalk Point natural-draft
cooling tower by Environmental Systems Corporation. For this example, a
typical natural-draft spectrum with 30 drop sizes was used. The total
emission rate for each tower was 94.46 g/s giving a total of 283.38 g/s. The
cooling water salt concentration was 0.005 g salt/g solution and the density
of dry salt was 2.17 gfcma. Along with this information, the drop size for
each of the 30 bins and the mass fraction for that bin were supplied.

The PLUME code was run using the above information, and automatically the
relevant data files for the TABLES code were created. To run the TABLES code,
the user need only specify the choice of radial spacing, season definitions
for each season (up to 5), and the effective site radius (if different from
the geometrical cross-section). In this example, the defaults of 4 calendar
seasons plus annual and default grids were used.

Tables 3-21 to 3-25 1ist the filled-out input forms for the natural-draft

cooling tower case. Input files are listed in computer compatible format in
Table 3-26.

Selected results of the TABLES program are given for the winter season in
Tables 3-27 to 3-39. These results parallel the tables presented for the
mechanical-draft problem in Case Study 1. Figures 3-11 to 3-18 represent
isopleth plots of results given in Tables 3-27 to 3-34.
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Table 3-20. Characteristics
of drift emission from the
natural-draft cooling tower
in Case Study 2

Orop Spectrum

Diameter
(Microns) Mass Fraction

0- 10 0.0000
10 - 30 0.1875
30 - 50 0.1810
50 - 70 0.1013
70 - 90 0.0784
S0 - 110 0.0674
110 - 130 0.0592
130 - 150 0.05837
150 - 180 0.0642
180 - 210 0.0498
210 - 240 0.0337
240 - 270 0.0218
270 - 300 0.0137
300 - 350 0.0142
350 - 400 0.0105
400 - 450 0.0086
450 - 500 0.0076
300 - 800 0.0127
600 - 700 0.0107
700 - 800 0.0080
800 - 900 0.0068
900 - 1000 0.0053
1000 - 1100 0.0019
1100 - 1200 0.0007
1200 - 1300 0.0005
1300 - 1400 0.0003
1400 - 1500 0.0002
1500 - 1600 0.0001
1600 - 1700 0.0001
1700 - 1800 0.0001
Drift rate 283.38 (sum for three towers)
salt concentration in cooling water 0.005 g H§C1fg solution
Density of dry salt 2.17 g/cm
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Card 1

ITITLE

Card 2:

ISTOP
ISKIP
TouT
IMIX
IUR
IWIND

NFOG
NDRIFT
[TOWER

[TAPE

[ZONE

Card 3:

ALAT
ALONG
ROUGHT
HREF
HTMIX

Table 3-21. PREPROCESSOR Model imput form - Matural-Draft

Cooling Tower Case Study

TITLE: Natural Draft Cooling Tower
with C0144 Met Tape.........

--------

Number of Records Read (0 = Al11).ceeccnnnn.. 8760

Skip Control (1 = No Skip, 2 = Every Qther) 1

Output Control (0 = Full, 1 = No Records)...

1
Mixing Height Switch (1 = Ave., 2 = Tape)... 1
2

Mixing Height Type (1 = Rural, 2 = Urban)...
Stability Class Switch for NRC Tape

(1 = Sigma Theta, 2 = Delta-T)eereeuesss .o 0 (N/A)
Fog Calculations ? (0 = No, 1 = Yes).u.u.u.. 0
Drift Calculations ? (0 = No, 1 = Yes)...... 1
Type of Tower (1 = NDCT, 2 = CMOCT,

3 = LMDCT)..u.. T N R S S 1
Type of Tape (1 = CD-144, 2 = NRC,

3 ¥ HE=ldmimnmniievssevsisvsvaii S 1
Time Zone (5 = Eastern, 6 = Central,

7 = Mountain; 8 = PRCIFIC)ivseinininaniinu 5
Site Latitude in Degrees North Latitude..... 42
Site Longitude in Oegrees West Longitude.... 88
Roughness Helght: (cm)e.c.sovisiisiiassisins i 1.0
Reference Height of Met Tape {M)....cceun... 10.0

Annual Average Mixing Height (m)

(Only if IMIX = 1)...... R A A .. 1113.0
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Columns

(1-80).

(i-6).-
(7-12).
(13-14).
(15-18).
(17-18).

(19-20).
(21-22).
(23-24).
(25-26).

(27-28).

(29-30).

(1-10).

(11-20).
(21-30).
(31-40).

(41-50).



Card 4:

TWRHT
TWROM
TWRHE
TWRAF

Card 5:

CKT(1)
CKT(2)
CKT(3)
CKT(4)
CKT(5)
CKT(6)
CKT(7)
CKT(8)
CKT(9)
CKT(10)
CKT(11)
CKT(12)

Card 6:
HAVG(1)
HAVG(2)
HAVG(3)
HAVG(4)
HAVG(5)
HAVG(6)
HAVG(7)
HAVG(8)
HAVG(9)

BALLS LA A Bk | WS MR g rgmeaa gy

Tower Effactive Height (M)..csvevvsseavernnss
Tower Effective Exit Diameter (m)......... s
Tower Effective Heat Rejection (MW).........
Tower Effective Air Flow (kg/s)eeeenveneenss

January Clearness IndeX...cvienerinnnannanss
February Clearness Index........ U ——
March Clearness IndeX..ccesescersscsnensisns
April Clearness Index....... L —
May - Cl1aartnes TRORX . ceiin o smeswnm s mss
June Clearness Index....ccecvvenenns RN
July Clearness Index......... T T T
August Clearness IndeX........cvvuvne S
September Clearness IndeX....covenvenannsnss
October Clearness IndeX...eveeececss T
November Clearness IndeX.cecoseevsennns TR
December Clearness Index,....cvevivunnceneas

January Daily Solar Insolation {mjme} ......
February Daily Solar Insolation {mjfmz} .....
March Daily Solar Insolation [mjﬁmz} ........
April Daily Solar Insolation {mjfmz} ....... .
May Daily Solar Insolation (M3/M2)es..eee...
June Daily Solar Insolation {mjfmzj..* ......
July Datly Solar Insolation [mjfmg} ........ i
August Daily Solar Insolation {mj!mz}......-
September Daily Solar Insclation {mjfmz}....
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124.0
113.76

3648.0

55000.0

51

50

52

48

53

56

55

57

55

52

43

43

(1-10).
(11-20).
(21-30).
(31-40).

(1-3).

(4-6).

(7-9).

(10-12).
(13-15).
(16-18).
(19-21).
(22-24).
(25-27).
(28-30).
(31-33).
(34-36).

(1-5).
(6-10).
(11-15).
(16-20).
(21-25).
(26-30).
(31-35).
(36-40).
(41-45).



Table 3-21 (Continued)

HAVG(10) October Daily Solar Insolation {mjfmz} ...... 11.08 (46-50).
HAVG(11l) MNovember Daily Solar Insolation (mjfmzj.“.. 6.57 (51-55).
HAVG(12) December Daily Solar Insolation [mjfmgj ..... 5.48 (56-60).
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Card 1:

ALABEL

Card 2:

IouT

NFOG

NORIFT

NFRAD
SMAXP
SMAXF
NPORTS
NUSER

NTWRS

ISOURC

Table 3-22. PLUME Model input form - Natural-Draft

Cooling Tower Case Study

General Heading: MHatural-Draft Cooliing Tower
H-'lth ED-qu MEt TapE¢----t---r--qvl-i-tttlii

OQutput Control Switche..ovveuenne. i A P
(0 = Plume Variables Only,
1 = Plume Variables and Tower Conditions,
2 = Only Label and Input Constants)

Fogging/Icing Control Switch......... e
(0 = No Fogging, 1 = Run Fogging Cases)

Number of Drift Cases (0 = No Drift,
T R D T e ncmsom o oo e e

Number of Fogging/Icing Radials.......ecuus.
Maximum Distance for Plume Calculations (m)
Maximum Distance for Fogging Calculations (m)
Number of Source Output Ports (Towers)......
Number of User-Specified Plates for
Wake Entralnmént..eeeserescorsessesvvocncnss
Number of Tower Housings (Leave Blank
2 £ i (1 52 T O S S —
Effective Source Mode Switch (D = Multiple
Moda, 1 = Effective Source)..eeccccecacene

Blank
10000.0
Blank

3

Blank

(1-80).

(1-3).

(4-6).

(7-9).

(10-12).
(13-22).
(23-32).
(33-35).
(36-38).

(39-41).

(42-44).

Card 3 is omitted since NFRAD = 0 so 16 default radials are generated.
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RAD(1)
RAD(2)
RAD(3)
RAD(4)
RAD(5)
RAD(6)
RAD(7)
RAD(8)

Card 4:

xC
YC
XC
YC
XC
YC

Card 5:

NWD

USERWD(1)
USERWD (2)
USERWD(3)
USERWD(4)
USERWD (5)

Table 3-22 (Continued)

(Repeated so as to supply NFRAD Values)

First Radial Distance (km).....-. asisssveans N/A
Second Radial Distance (KM).e.eeesanvennnernss N/A
Third Radial Distance (km)........... RS N/A
Fourth Radial Oistance (km)........ PR P N/A
Fifth Radial Distance (km).sesescaneasansans N/A
Sixth Radial Distance (KMm)u.eeeeecaonss vaedn N/A
Seventh Radial Distance {(km).....cccuavuanan. N/A
Eighth Radial Distance (kmM)..eevessanannnnas N/A
(Repeated once for each tower)

X-Coordinate of Tower (1).secarsosrcnsarcnaa -54.2
Y-Coordinate of Tower (1)..essvesssoncssnns . 179.5
X-Coordinate of Tower {2).eeceraccsccenns vee 0.0
Y-Coordinate of Tower {(2)..... R 0.0
X-Coordinate of Tower (3).seceersossnannscaas 96.1
Y-Coordinate of Tower (3)...... T pu R —. -161.3
Number of Representative Wind Directions.... 3
First Wind Direction (degrees east of north) _157.5
Second Wind Direction (degrees east of north) _ 11.25
Third Wind Direction (degrees east of north) 67.5

Fourth Wind Direction (degrees east of north) _Blank
Fifth Wind Direction (degrees east of north) _Blank
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(1-10).

(11-20).
(21-30).
(31-40).
(41-50).
(51-60).
(61-70).
(71-80) .

(1-10).
(11-20).
(1-10).
(11-20).
(1-10).
(11-20).

(1-3).
(4-13).
(14-23).
(24-33).
(34-43).
(44-53).



Card 6:

TWEQN(1)
IWEQN(2)
IWEQN(3)
TWEQN(4)
IWEQN(5)
IWEQN(6)
IWEQN(7)
IWEQN(8)
IWEQN(9)
IWEQN(10)
IWEQN(11)
TWEQN(12)
TWEQN(13)
IWEQN(14)
TWEQN(15)
TWEQN(16)

Card 7:
TWRADM
DA

DB
THTWR(1)
THTWR(2)

THTWR(3)

THTWR(4)

TabTe 3-22 (Continued)

Wind Equivalence Number for Sector l........ 2
Wind Equivalence Number for Sector Zi..essas 2
Wind Equivalence Number for Sector 3........ 3
Wind Equivalence Number for Sector 4........ 4
Wind Equivalence Number for Sector S5........ 3
Wind Equivalence Number for Sector 6........ 2
Wind Equivalence Number for Sector 7........ 2
Wind Equivalence Number for Sector B........ 1
Wind Equivalence Number for Sector 9........ 2
Wind Equivalence Number for Sector 10....... 2
Wind Equivalence Mumber for Sector 1ll....... 3
Wind Equivalence Wumber for Sector 12....... 3
Wind Equivalence Number for Sector 13....... 3
Wind Equivalenc Number for Sector 14....... g
Wind Equivalence Number for Sector 15....... 2
Wind Equivalence Number for Sector 16....... 1
(Omitted for natural-draft cooling tower)
Diameter of CMDCT Housing (M)..evecvceneanas N/A
Length of LMDCT Housing (m)...cevveencnnenns N/A
Width of LMDCT Housing (M)..eveevennannennas N/A
LMOCT Long Axis Direction 0.0 (degreses east

G TR v v smon wom: oncncn I —— N/A
LMDCT Long Axis Direction (degrees east of

PRI it e s N o N/A
LMDCT Long Axis Direction (degrees east of

3 g o [ DR N S R R R N/A
LMOCT Long Axis Direction (degreas east of

e ) R e e P A, e e e N/A
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{13

(4-6).

(7-9).

(10-12).
(13-15).
(16-18).
(19-21).
(22-24).
(25-27).
(28-30).
(31-33).
(34-36).
(37-39).
(40-42).
(43-45).
(46-48).

(1-10)-

(11-20).
(21-30).
(31-40).
(41-50).

(51-60).

(61-70).



Table 3-22 (Continued)

Card 8: (Omitted for NDCT, otherwise supply 1 per tower housing)

XTWR X-Coordinate of Tower Housing Center (m)e... N/A
YTWR Y-Coordinate of Tower Housing Center (m).... N/A

The following cards P1-P3 are not required since NPLATE - 0.

Card Pi:

CH Hake Height SC&]E {m} iiiiiiiii e S e RS R R e M!A
Gl Wake Length Scale (Meccssssnsvesminsuanssas N/A
CH Wake Width Scale [M)..caviccinnssaaasnssana .o N/A
Card P2:

HPLHT x—EUﬂTdinﬂ.te GF P]ﬁte (m]iiliiiillill LB R R HIH'
YPLAT Y-Coordinate of Plate {m)auserccaciennnsaans N/A
Card P3:

S‘PAN Spun a’f P‘IatE (m] lllllllllllllll LRI B BB B H!A
EHDRD Chﬂrd Uf P1ﬂ.tE {m)"-i-i'iiiiiiiflﬁilfilllﬁﬁ H!A

Card 1D: These Cards are Regquired Since NDRIFT = 1

DLABEL Drift Label: Typical Matural Draft Cooling
Tower Drift Emission Spectrum

(1-10).
(11-20).

(1-8).
(3-16).
(17-24).

(1-10).
(11-20).

(1-10).
(11-20).



Table 3-22 (Continued)

Card 2D:
NDROPS Number of Drop Sizes....ciciieansnnas e 30 (1-2).
DRIFTR DEEFE Rate fq)s).svaaineiimiiimvnanigy cesies _o83.38 (3-12).
CWSC Cooling Water Salt Concentration (g salt/

granTubIonceasc sy eiivees TR T 0.005 (13-22).
SDENS Salt Density (g/cm3).ce..... T i . 217 (23-32).

Card 3D: (Ome card for each drop bin):

DROPS I'th Range in Drop Diameter (ym)....cveven.. see below  (1-10).

MASFRAC Fraction of Mass Emission Rate in that
Bange.ceersrsn s i padiaives R P see below (11-20).

DRPCOM Fraction of Salt in I'th Drop (g salt/
g solution) (0.0 Defaults to CWSC)........ 0.0 (21-30).

10.0 0.0

20.0 0.0053

30.0 0.0430

40.0 0.0741

50.0 0.0651

60.0 0.0548

70.0 0.0351

90.0 0.0326

110.0 0.0178

130.0 0.00%5

150.0 0.0076

180.0 0.0011

210.0 0.0117

240.0 0.0132

270.0 0.0141

300.0 0.0182

350.0 0.0267

450.0 0.0229
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Table 3-22 (Continued)

500.0 0.0151
600.0 0.0433
700.0 0.0351
800.0 0.0382
900.0 0.0273
1000.0 0.0171
1200.0 0.0319
1400.0 0.0332
1600.0 0.0643
1800.0 0.0221
2000.0 0.0307
2200.0 0.1540
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Card 1:

NSEASN
MM

Card 2:
SEASON
Card 3:

NHOURS
IREC1
IRECZ
IYEAR]
IYEAR2
Jol
JD2
THOUR1
IHOUR2

...Repeat format of Cards 2 and 3 for each of the other

Table 3-23 TABLES input form - Matural-Draft
Cooling Tower Case Study

Number of SedsonS........... R s
Number of Shadowing Sector Partitions.......

SRASON NAME. .t eeernnnancnnscnnnnnseneannss Winter

Blank (for defaults)

Humher OF Heurs -En Seasnni*“'i"i#b#r##rlilir B1ank

First Record in SeasoN..c..eesas R - L5 1y -
second Record 1N Season,..vessrsvuessvaasansse Blank
FRPEE MERr I SRR v o s -2 BAANK
EASE Yoiur in Seasbl.cers cersnssnsnsnsaersins Blank
First Day in Seasen..... BT EE e BRI
RSt TNa i T SRR v o womomasinn s st .+ _Blank
FIEEE HoU  In SOEEGT wy acrp mmmmmnmmen o su s an Blank
Last Hour in Season....... ressenasssasunanans _Blank

. R R R R Spring
I O o W WM G A P - 1 4~ 11,
T —— A AR R SRR S R Summer
v —— LT —— . _Blank
R 0 0w Fall
N A R R A Blank
N e T 1 i1 . & |
......... SRR R R AT e eeees  _DIADK
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4 seasons:

{1-2).
(4-6).

(1-20).

(1-5).

(6-10).
(11-15).
(16-20).
(21-25).
(26-30).
(31-35).
(36-40).
(41-45).

(1-20).
(1-45).
(1-20).
(1-45).
(1-20).
(1-45),
(1-20).
(1-45),



NXH

HAR

NXS

NXD

Table 3-23 (Continued)

1-1 Effective Radius of Combined Plume
Sodrces (m)ucaeaveas S N R e

Number of Length Divisions..icieeicseesanaas
(Blank Field Defaults to 100)

Number of Height Divisions.....ceieeiuncn...
(Blank Field Defaults to 100)

Number of Radial Divisions..eeeeeecenns A
(Blank Field Defaults to 100)

Number of Shadowing Radials............ ceses
(Blank Field Defaults to 40)

Numbar of Drift Radials..eeeennes heassaseses
(Blank Field Defaults to 100)

Card 6 And Up: not required since defaults were used

[f NXL is non-zero, provide NXL radials in meters for length table.
[f NXH is non-zero, provide NXH radials in meters for height table.

Etc.

The format of these cards if 10F8.0.
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Blank

Blank

Blank

Blank

Blank

Blank

(46-55).

(1=3¥;

(4-6).

(7-9).

(10-12).

(13-15).



Table 3-24 PAGE PLOT input form - Natural-Draft
Cooling Tcwer Case Study

Card 1: Supply 5 seasons x 9 tables/season = 45 blank cards for defaults

ISIZE Plot 5ize Identifier.ccciicvssccesssocasannnas _Blank  (1-3).
{1 = 21 Rows by 42 Columns :
2 = 51 Rows by 1-2 Columns)

ISCALE Isoplot Length Scal@.cuiccssescassnncessasas _Blank (4-6).
' (Blank Field Defaults to 2)
(1 =m2 km to +2 km
2 = -5km to +5 km
3=-10 km to +10 km
4 = =20 km to +20 km

CONT(1) First Contour: ¥alue. . vessvinsssnsissveess _Blank (7-186).

CONT (2) Second Contour Value. s siidieeeevi Blank {17-26).
CONT(3) Thaivd Contour: VaUe: i s sniineneane s .. Blank (27-36).
CONT(4) Fourth Contour Value.iiiseevssiivesnaneinive Blank (37-46).
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Table 3-25. Listing of input files for PREPROCESSOR,
TABLES, and PAGEPLOT codes for Case Study 2

HATURAL DRAFT COOLINS TOMER EXAMPLE USING CD144 HET TAPE
8760 11712001116

42.0 &3.% 1.8 10.0 1113.0

124.0 113.76 3643.9 55!!“.0

51 50 52 43 53 56 55 57 55 52 43 &

7.15 9.70 13.6316.3120.7823_1322, ﬁ420 216.0611.086.57 5.48

HATURAL ORAFT COOLING TOWER EXAMPLE
2 0 1 8 10000.0 0.0 3
=34.2 17%.5
8.9 6.9
96.1 =161.3
3 157.5 1.2 87.5
2 23 3322122333221
TYFII‘.‘AL NATURAL DRAFT COOLING TUMER DRIFT SPECTRUM

USING CD144 MET TAPE
G 900

223,18 .005 2.17

4. .0008 N
30, .1875 .0
50, .131¢ .2
7¢.  .1013 .a
90. .073% .8
118.  .0&74 N
130. .05%2 ]
150, .0537 -0
120, .06842 .0
210.  .0458 .0
240, 0337 .0
270. .0218 .2
308. .0137 .0
350. .0142 .0
400. .0105 .0
450, .003%5 .0
500. .0076 .0
600. .0127 .0
700. .0107 .0
800. .o0o20 .0
500. .0063 .0
1000. .0053 .9
1100. .0019 .
1200. .0007 .0
1308. .0005 .0
1400, .0003 .0
1500. .0002 .0
1600. .06G01 .8
1700. .0001 .0
1200. .000% .0

3-60

PLUME,



Table 3-25 (Continued)

3 a
WINTER

oS s
SPRING

&2 15
SETER

152 243
FALL

264 IT4
AMREIAL

8 9
o.o
024 08

_____ e, _ . 5.00 2.00 1.00 .53
a N i0.a

1 gona nae fo0g ga0g
10 aong noog 4ona 9000
1 gocn rong codg aang

20 anoa Bogg Qoo goea
10 goga jeag goda Qq00
10 agog foag noaa goog

20 doog LUl ohoa aaga
14 6.0 5.0 2.8 0.

1 200. 128, 3. -1
"0 el ooon onon 2000
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Table ?-?6. Summary output of PLUME code providing listing
of wvisible ?lume length, rise, and final visible radius
for wind direction of 15° to line of towers

EPRI SEASORHAL/AMMUAL TABLES PROGRAH. VERSIOM 09-01-8%
HATURAL ORAFT COOLIMG TOWER EXaMFLE USIHG CO14% HET TAPE

SIMHARY OF PLUHE PREDICTLONS WHEM WIND IS FROH 17.3 DEGREES EAST OF RORTH

CAT M. PLLME LENGTH PLUHE HEIGHT PLUHE RADILS
1 119.40 117.5% 37.30
2 166.70 8.5 i3.70
k] 143.20 Ta.1 31.00
§ 13710 58.7 29.70
5 22250 55.9 26.20
] 438,70 =0.3 2,90
7 254,50 4.5 25.20
8 19380 227.0 55,10
9 Z81.50 Z08.2 55.70
10 557.90 2521 42.%0
1 624.50 16%.2 72.00
12 659,60 209.0 E1.70
13 F46 &0 185 .8 £1.40
14 839.70 frd 3 57.90
15 qR8. 30 45,5 92.30
16 1182.90 ZAE. & 95.90
17 £001.50 10e8.1 29560
i1 £711.%90 1008.5 316,60
19 7015.90 1008.2 365,50
2% 51%T.70 10051 174800
21 £204.29 1007 .2 73i.T
22 5902 .89 10035.5 s21.10
23 A101.80 1008.5 G&E. 10
24 £510.10 1005.3 625,10
25 E554.70 1609.9 556.00
25 9785.80 192%.5 505.90
27 9257 GOw 10266+ 477 .20+
28 GAET . B0~ 1029.5« 51010+
29 GAE2.40+ 10283+ 68090+
k1] 5L .90+ 1034.8+ T27 .60+
31 95870.50+ 1034, 1+ T27 .04
32 F245., 10+ 10535+ 754%.90+
33 FIE9 . G0 0591+ 927 .80+
15 555,00+ 1712+ $15.70¢
15 9901.50% 1055.6+ BO2. 30

¥ A PLUS SIGH IMOICATES THAT THE VISIELE PLUME DIO HOT EMD MITHIM & CEMTERLINE OISTANCE OF 10000.0 HETERS
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Table 3-27. Summary of cutput of PLUME code providing listing
of viszible plume length, rise, and final visible
radiuz for wind direction of 90° (crosasflow)

EFRT SEaShial/aHHUAL TASLES PROGRAH, YERSTON 09-01-36
HATURAL D#AFT COOLIMG TOMER EXAMFLE USING CD144 MET TAPE

SUHMARY OF PLUME PREDICTIONS RMEM HIND IS FROM &7.5 DEGREES EAST OF HCATH

CAT HO. FLLME LENGTH PLUHE HEIEHT PLUME RADIUS
1 11981 119.4 .50
2 164,71 194 3370
3 153.20 a0 11.00
4 137.10 .7 29,70
5 212.710 53.8 8. 50
& 408,30 6.3 26.50
7 245 .60 47.2 25.20
-] 225.80 257.2 82.00
9 25910 210.8 &8.10
10 n9.50 155.9 43,20
11 =B2.20 1131 41.70
12 621,40 157.8 57.00
13 504.50 133.6 G550
14 599,39 1556 55,29

15 E55.60 179.4 79.68
16 559.70 218.2 5.5
17 1210.450 289.0 10&.52
18 £917.90 10084 152,40
15 7726.10 1002.3 .90
20 £409.90 1804. 5 154,00
21 §512.30 1608. 0 515.00
2 si10.70 e3.7 GE% .40
23 209,20 1005. 6 LE5.70
T422.10 1003.8 50780
25 5M01.76 1003.0 GED. 00
26 GEDL G0 10269+ 510,70+
27 PEPE B0 1026, 3¢ 517.80+
28 FETH.G0+ 1051.7= 552.74+
29 FEET .70+ 105253 595,00«
) 875, 59 10378+ 131,70+
31 FEIT .00 10%7.2+ 7%3.60+
1z 937,10+ 1045, 2+ TEE B0«
I3 02,90 1061.1+ 960,30+
L1 F965.00. 136.2+ 273,40+
3s 303,70+ 1060.3+ E24. B0

W A PLUS SIGH IMDICATES THAT THE VISISLE PLUME DID HOT EMD WITHIN & CEWTERLIWE OISTAMCE OF 1LO20.0 KETERS




Table 3-28. Summary output of PLUME code providing listing
of visible plume length, rise, and final visible
radius for wind direction of 180° (in line)

EPRI SEASOMAL/AMNUAL TABLES PROGRAM, VERSION 09-01-36
HATURAL ORAFT COOLING TOHER EXAHPLE USING CD14% MET TAPE

SWHMMARY OF PLUME PREDICTIONS WHEN WIND IS FROM 157.5 DEGREES EAST OF NORTH

CAT HO. PLUHE LENGTH PLUHE HEIGHT PLUME RADIUS
1 119.380 119.4 37.30
2 166.70 39.5 33.70
3 183.20 78.1 ] 31.00
& 137.10 58.7 29.70
5 149.580 77.9 .10
& 723.50 11.9 45.80
7 353.40 60.4 34.820
-1 193.30 227.0 55.10
9 217.70 187.6 51.00
10 26.10 191.7 62.40
1 319.10 107.8 §1.40
12 749.40 261.5 78.30
13 709.30 231.4 70.30
14 1152.30 313.9 - 87 .60
15 1399.40 356.0 93.20
16 5697.60 1009.6 221.00
17 53%0.70 1009.4 256.30
1& 6103.20 1008.5 271.60
19 5391.20 1012.9 303.10

20 5287.00 1009.4 341.40
21 4881.60 1014.0 331.40
= 4331.40 1613.2 1z32.20
23 4330.50 1012.9 338.30
24 4676.80 1016.4 377.00
25 8583.50 1015.5 402.80
26 8676.20 1022.3 422.90
27 9130.30 1022.1 433.70
28 9879.00 1028.7 §61.40
29 9872.00+ 1028.0+ 638.40+
30 9856.10+ 10335+ 706.40+
1n 9250.20+ 1036.38+ 693,40+
32 9854.70+ 10416+ 705.70¢
i3 9777.00+ i061.0+ 255.30+
34 9945.70+ 218.9¢ 823.50+
35 5383 .90+ 1058. 3+ 590.50+

= A PLUS SIGH INDICATES THAT THE VISIBLE PLUME DID NOT EMD HITHIN A CENTERLINE DISTA}IfE OF 10000.0 METERS
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CATEGORY
NUMBER

L1 R AN P L P

TOTALS

Table 3-29.

Frequency of occurrence of 30 categories with
wind direction for Case study 2 -—- one year of data

SuRNsEsdNennavsanneunusw FREQUENCY PERCENTAGE BY CATEGORY AND HIND DIRECTION ssuswesssusaxunnsunssassn

HATURAL ORAFT COOLING TOHER EXAMPLE USING CD144 MET TAPE
SEASON=HINTER

EHSREA AR AR O NERRA R R R nnE HIND FROM Snssens s s i na i n S N A A S SR A SRS NN AR SR

S

0.00
0.00
b.00
0.00
0.05
1.57
0.00
0.00

W ox o o & ® now o . .
o L - g e Wl b

aiggmnuﬂﬂv\oﬂmamunm

T LN O L O B B B bl BRI A PO PO T s L
. . . H I

-

H NNE HE  ENE E ESE 8E  SSE s SSH SH  HSH H HMH HH NNH
T P IR I S A AR W PLUME HEADED 000500300 55000 18 3505 00009006 06 0 00 000 0000 3000 9606 36 309000 0 00 0 063536 00 30 04

S S5H SH  HSH H HHH N{ M N HHE HE EHE E ESE SE  §SE
6.00 0.00 0.00 0.00 0.00 0.00 0.00 O0.00 0.00 0.00 ©0.00 ©0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.006 0.00 0.00 0.00 €.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00
0.00 0.00 G.00 0.00 ©.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00
0.0¢ 0.00 0.08 0.00 0.00 0.00 0.00 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 G.00
0.0¢ 0.00 0.00 0.00 0.00 ©.00 0.00 0.05 0.00 0.05 0.74 0.46 0.28 0.00 0.00 0.00
0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G.00 0.00 ©.00 0.00 0.00 .00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 6.00 0.00 0.00 0.00
6.00 9.00 0.00 4.00 9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 (.00 0.00 0.00
9.21 6.00 0.21 0.21 0.21 0.00 0.00 0.21 0.21 0.00 9.35 0.00 0.00 0.00 0.00 0.00
§.10 0.00 0.00 6.10 0.060 0.10 0.00 0.00 0.00 0.29 0.43 0.00 0.00 0.10 0.00 0.00
0.00 ©0.00 0.00 0.00 0.%1 0.22 0.00 ©.11 0.43 0.11 0.22 0.00 0.00 0.00 0.00 0.11
0.00 0.00 0.05 0.05 0.05 0.00 9.00 ©0.05 0.10 0.05 ©0.25 0.10 0.05 0.00 0.00 0.00
0.00 0.09 0.05 0.05 0.05 0.00 ©0.05 0.05 0.09 0.00 0.1 0.05 0.00 0.00 0.00 0.05
0.05 0.05 0.14 0.05 0.00 0.00 0.00 ©£.09 0.05 0.1 0.51 0.05 0.00 0.00 0.00 0.00
0.31 0.00 0.78 0.31 0.00 0.1 0.00 ©.16 0.31 0.31 0.9%4 0.16 0.00 0.16 0.16 0.00
0.06 0.18 0.24 0.00 0.06 0.00 0.00 0.12 0.12 0.06 0.18 0.18 0.00 0.00 0.00 0.00
0.00 0.05 0.32 0.28 0.23 0.00 0.00 ©.05 0.1 0.19 0.56 0.23 0.05 0.00 0.05 0.00
0.00 0.23 06.1% 0.32 0.19 0.00 0.14 ©.05 0.19 0.42 0.5 0.19 0.00 0.00 0.00 0.00
9.05 0.23 0.74 0.37 0.09 0.09 0.05 0.05 0.1% 0.28 0.32 0.14 0.00 0.00 0.09 0.05
0.05 0.42 0.65 0.69 0.09 0.14 0.09 0.09 0.23 0.19 0.4 0.23 0.05 0.00 0.00 0.05
0.00 0.19 0.42 0.42 0.14 0.05 0.65 0.23 0.51 0.05 0.60 0,19 0.00 0.00 0.00 0.05
0.05 0.7 1.06 0.46 0.32 0.05 0.09 0.23 0.14 0.37 0.51 0.37 0.05 0.00 0.05 0.00
0.14 0.28 0.74 0.74 0.1%4 0.05 0.05 0.1 0.1 0.32 0.69 0.09 ©6.09 0.00 ©£.00 0.05
0.95 0.46 0.60 0.79 0.1% 0.1 0.14 0.42 0.28 0.46 0.46 0.23 0.00 0.00 0.00 0.00
0.05 0.23 0.93 0.51 0.23 0.09 0.19 0.42 0.5 0.65 0.50 0.19 0.09 0.00 0.05 0.00
6.19 0.32 0.74 0.42 9,19 0.1% 0.14 0.09 0.51 0.5 0.60 0.05 0.05 0.00 0.05 0.05
0.09 0.37 1.02 0.60 0.23 0.19 0.19 0.46 0.79 0.49 0.8%3 0.42 0.05 0.1 0.00 0.09
0.19 0.42 1.06 0.46 0.14 0.05 0.00 0.37 0.60 0.74 0.65 0.32 0,37 0.05 0.00 0.00
0.28 0.60 1.81 0.69 0.25 0.19 0.09 0.32 0.5 0.32 0.56 0.23 0.19 0.05 0.00 0.09
0.28 0.19 1.76 0.50 0.23 0.05 0.19 0.19 0.56 0.23 0.69 0.32 0.37 0.05 0.19 0.09
0.23 0.5 1.39 0.74 0.19 0.19 0.42 0.23 ©.19 0.37 0.32 0.23 0.05 0.05 0.00 0.00
1.39 2.08 4.27 3.06 0.7¢ 0.32 0.60 0.74 0.93 0.5 0.5 0.7¢ 0.23 0.1% 0.09 0.1%
0.00 0.19 ©0.46 0.19 0.05 0.00 0.05 0.00 0.05 0.00 0.05 6.19 0.00 0.00 0.00 0.00
0.00 0.1 0.60 0.42 0.00 0.09 0.19 0.09 0.37 0.19 0.46 0.46 0.09 0.20 0.0C 0.00
3.74 8.00 20.17 12.52 4.09 2.27 2.69 5.00 8.17 7.58 13.89 5.81 2.04 0.72 0.71 0.30
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Table 3-30. Summary of statistics on meteorological data needed
for application of Appendix D on complex terrain

HESERANBEN AR AR na i sasesad® STABTLITY CLASS BY WIND DIRECTIOM 2505 00 26 b a6 06 00 500 06 00 0000506 30 0006 26 0000 00 0 000 00 24 00
MATURAL DRAFT COOLING TOHER EXAHPLE USING CD144 HET TAPE
SEASOHSHINTER
BT 0T R M 0t i W TMD) RO 0 000 020 0 T 0 6 30
STABILITY H HHE HE  EHE E ESE S5E SSE S SSH SH  HSH H WH HH  H
CLASS R NS RUERNR NN EE PLUME HEADED 500500 000000 000000 00 00 0006 000 00 06 0 0000 70 00 0 00 0 0 DR

s SSH SH  HSH H HHH NH  NMNH N MNNE HE  EHNE E ESE  SE SSE  5TAG.

1 0.00 0.00 0.00 9.00 @.00 0.00 O0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 g8.00 0.01 0.01 0.00 0.04 0.00 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.06 0.0%
3 0.06 0.11 0.10 0.04 0.07 0.16 0.03 0.03 0.08 0.03 0.04 0.02 0.02 0.17 0.08 0.13 0.07
4 0.39 0.41 0.47 0.49 0.35 0.49 0.43 0.59 0.58 0.70 0.77 0.59 0.43 0.08 0.31 0.33 0.23
5 0.37 0.26 0.26 0.30 0.33 0.21 0.33 0.25 08.25 0.21 0.12 0.27 0.32 0.58 0.23 0.19 0.10
) 0.1 0.19 0.15 0.16 0.17 0.1% 0.17 06.10 0.07 0.03 Q.05 0.12 0.18 0.08 0.38 0.25 0.49
¥ 0.00 0.03 0.01 0.01 0.05 0.00 0.02 0.01 0£.01 0.02 0.02 0.00 0.00 O.02 0.00 0.00 O0.08
M ans WIND SPEED DISTRIBUTION BY DIRECTION AT REFERENCE HEIGHT OF 300. METERS swmusssssumsns
HATURAL ORAFT COOLING TOWER EXAHPLE USING CD14% HET TAPE
SEASOH=HINTER
0 0 O 0 0 S TN FROE 00000000 00 000 30 00 30 00 500 00 0 0 0 000 0500 2000 00 O R0 0 06 30 06 06 0 DS
HIND N MNE NE EME E ESE SE  SSE 5 SSH 8H  HSH H e MW e

RAHGE BRENE N R R NN R e a AN PLIRIE HEADED 500 00000 00 00 3000 0 00 0 2530 00008 -0 08 06 0 00 205300 06 B 00 060 01 06 00 00 06006 &
s SSH SH  HSH H R N M N NNE NE ENE E ESE SE SSE STAG.

0.00 0 .00 0.00 0.02 0.00 £.00 0.00 0.00 0.01 0.00 0.00 0.00
2 0.72 0.52 0.27 0.30 0.3% 0.40 0.43 0.21 0.28 0.14 0.14 0.22 0.48
0.28 0 73 0.6% 0.43 0.40 0.57 0.79 0.72 0.8 0.36 0.78 0.52

0.00 0.00 0.00 1.00
0.47 0.92 0.69 0.00
0.33 0.08 0.31 0.00

WA G SR AR s i COMBINED FACTORS BY HIND DIRECTION 5300000000 00 0 00 000 -0 0 00 06
NATURAL DRAFT COOLING TOMER EXAMPLE USING CD144% MET TAPE
SEASON=HWINTER
#EARGI AR RSN AN AR AR A e n A HTND FROM 05 000500051590 00 00500 000000 00 9600 00 9006 35 90 20 30 05 250000 40 0 4000 B30 060 00 0600 BH 0
COHBINED N RHE HE ENE E ESE SE SSE 5 SSH SH  HSH H 1] Hd HHH
CLASSE 0000 00 00 0 D 0 0000 S 0 WS S S O i PLUME HEADED o500 40000 0000 00 000000 000 000 0500 0 0 0 0 0 A0 30 0 0 6

3 SSH SH  HSH H W N NN N HKHE HE  ENE E ESE SE SSE STAG.
0.00 2.00 0.00 D0.00

1 0.00 p.00 0.00 0.00 0.00 0.00 0.00 G.00 0.00 0.00 0.00 0.00 0.1%
2 0.04 0.06 0.03 0.0%1 0.06 0.10 0.02 0.01 0.02 0.0% 0.01 0.00 0.01 0.11 0.07 0.13 ©.00
3 0.02 0.06 0.08 0.03 0.05 0.06 0.03 0.04 0.06 0.03 0.04 0.01 0.01 0.06 0.01 0.06 0.00
4 6.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.32
5 0.55 0.35 0.20 0.2%4 0.37 0.2 0.33 0.18 0.23 0.12 0.12 0.19 0.38 0.4%4 0.50 0.39 0.00
6 0.21 0.32 0.53 0.55 0.29 0.28 0.43 0.66 0.60 0.78 0.77 0.67 0.42 0.22 0.04 0.18 0.00
7 0.00 0.0 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 @.00 Q.00 Q.00 0.57
8 0.13 0.11 0.04 0.05 0.12 0.08 0.08 0.02 0.02 0.01 0.01 0.03 0.09 0.11 0.3 0.17 0.00
9 0.05 0.16 0.12 0.12 0.09 0.06 0.11 0.0% 0.06 0.04 0.06 0.10 0.10 0.06 0.03 0.08 0.00

# COMBINED CLASSES ARE DEFIMED AS FOLLCHS:
1=UNSTABLE, LOH WIND 2=UNSTABLE, HODERATE WIND 3=UNSTABLE, HIGH WIND
4=NEUTRAL, LOH WIND  5=HEUTRAL MODERATE WIND  &=NEUTRAL, HIGH WIND
7=STABLE, LOW HIMD 8:STABLE, HODERATE HIND  9=STABLE, HIGH HIMD

S



Table 3-3l. Frequency of occurrence of plume lengtt
with distance and direction -- winter season

L B Rl ARl Ll el L e e BTt =s ] PLUHE LENGTH FREME}E‘{ TﬁBLE ERARERF RN RN RN NS
NATURAL DRAFT COOLING TOWER EMAMPLE USIMG CD144 MET TAPE
SEASOH=HINTER

DIISTAMCE M6 00 000600 00 00 5000000 0000 00 0 P36 0 S R B B WTHD FROM 0500 00050 5808 0 50 00 06 0000 i - 0 0 00 0 i

FROH H HHE HE  ENE E ESE SE SSE S SSH SH  HSH H HHH M4 HNH @ SUM
TOHER O 08 0O 0 B 0 04 0 000 0 O R 0 b e i PLUME HEADEDD 000000000 00000 0036 06 2000 000 00 0006 000 0 060000 00 2006 060600 38 00 6 00 0 00 06 0 0
(M) S SSH SH  HWSH H W Hd N N MHE NE EHE E ESE SE SSE =M
50. 3.74 3.00 20.17 12.52 4.09 2.27 2.6% 5.00 8.17 7.58 13.89 5.81 2.04 0.72 0.71 0.80 98.19
100. 3.74 8.00 20.17 12.52 &.09 2.27 2.49 5.00 B2.17 7.58 13.89 5.81 2.04 0.72 0.71 0.80 98.19
150. 3.74 8.00 20.17 12.52 4.09 2.27 2.69 5.00 &.17 7.58 13.89 5.81 2.04 Q.72 0.71 0.80 98.19
200. 3.74 8.00 20.17 12.52 4.09 2.27 2.69 5.00 &.17 7.58 13.89 5.81 2.04 0.72 0.71 0.80 98.19
250. 3.74 8.00 20.17 12.52 4.09 2.27 2.49 5.00 8.17 7.58 13.89 5.81 2.04 0.72 0.71 0.80 98.19
300. 3.7% 8.00 20.17 12.52 4.09 2.27 2.69 5.00 B8.17 7.58 13.8¢ 5.81 2.04 0.72 0.71 0.30 93.15
350. 3.74 §.00 20.17 12.52 4.09 2.27 2.49 5.00 B.17 7.58 13.8% 5.81 2.06 0.72 0.71 0.80 98.15
400. 3.74 8.00 19.96 12.31 3.87 2.27 2.69 5.00 &.17 7.58 12.99 5.81 2.06 0.72 0.71 0.80 96.66
§50. 3.74 8.00 19.96 12.21 3.87 2.27 2.69 4.79 B8.17 7.58 12.51 5.31 2.06 0.72 0.71 0.20 55.3%
500. 3.7% 8.00 19.96 12.21 3.77 2.27 2.69 4.79 &.17 7.53 11.55 5.3¢ 1.76 0.72 0.71 0.20 94.01%
550. 3.74 8.00 19.96 12.21 3.77 2.27 2.49 4.79 &.17 7.53 11,55 5.34 1.76 0.72 0.71 D.80 94.01
600. 3.74 8.00 19.91 12.16 3.72 2.27 2.69 4.79 8.17 7.53 11.30 5.2%4 1.71 0.72 0.71 0.80 93.47
650. 3.52 8.00 19.86 12.12 3.67 2.27 2.69 4.79 7.95 7.53 11.16 5.20 1.71 0.72 0.71 0.30 92.72
700. 3.43 8.00 19.86 12.12 3.67 2.18 2.69 4.79 7.95 7.2¢ 11.16 5.20 1.71 0.562 0.71 0.80 92.1%
750. 3.43 8.00 19.73 12.07 3.67 1.96 2.69 4.79 7.52 7.14 10.66 5.15 1.71 0.2 0.71 0.80 90.8%
800. 3.43 3.00 19.73 12.07 3.67 1.96 2.69 4.58 7.42 7.09 10.66 5.15 1.71 0.62 0.71 0.69 90.18
850. 3.43 8.00 19.73 12.07 3.67 1.96 2.69 4.58 7.42 7.09 10.66 5.15 1.71 0.62 0.71 0.69 90.18
900. 3.43 7.91 19.73 12.07 3.67 1.96 2.6& 4,58 7.33 7.09 10.66 5.15 1.71 0.62 0.71 0.69 B%.3%5
950. 3.43 7.91 18.94 11.76 3.67 1.96 2.44 4.58 7.33 7.09 9.72 5.00 1.71 0.62 0.71 0.89 87.77
1000. 3.43 7.91 18.94 11.76 3.47 1.96 2.84 4.58 7.33 7.09 9.72 5.00 1.71 0.62 0.71 0.6% 237.77
1058. 3.38 7.87 18.99 11.76 3.67 1.96 2.64 4.58 7.28 6.95 9.72 5.00 1.71 0.62 0.71 0.69 B37.49
1100. 3.38 7.37 18.9% 11.76 3.67 1.90 2.64 &.58 7.28 £.95 9.72 5.00 1.71 0.62 0.71 0.69 37.4%
1150. 3.38 7.87 18.94 11.76 3.67 1.96 2.6%4 4.58 7.28 6.95 9.72 5.00 1.71 0.62 0.71 0.69 B7.4%
1200. 3.38 7.37 18.94 11.76 3.67 1.96 2.656 4.58 7.28 6.95 9.72 5.00 1.71 0.62 0.71 0.89 87.49
1250. 3.07 7.37 18.94 11.76 3.67 1.81 2.6% 4.54 6.97 6.63 §.72 5.00 1.71 0.46 0.56 0.565 85.99
1300. 3.07 7.87 13.70 11.76 1.61 1.81 2.64 4.54 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.33
1358. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4&.5% 6.97 6.63 9.5% 4.31 1.71 0.46 0.56 0.85 85.33
1400. 3.07 7.87 18.70 11.76 3.61 1.31 2.64 4.54 6.97 6.63 9.56 4.1 1.71 0.46 0.5 0.65 35,313
1450, 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.4% 6.97 £.63 9.54 4.81 1.71 0.46 0.56 0.85 85.23
1500. 3.07 7.87 18.70 11.76 3.61 1.81 2.%% 4.4% 6.97 6.63 9.5% 4.81 1.71 0.46 0.5 0.65 85.23
1550. 3.07 7.37 18.70 11.76 3.61 1.81 2.64 4.4%4 6.97 6.43 9.54 4.531 1.71 0.46 0.56 0.85 85.23
1600, 3.07 7.87 18.70 11.76 3.61 1.81 2.664 4.44 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 B85.23
1650. 3.07 7.27 18.70 11.76 3.61 1.81 2.64 4.44 6.97 4.63 9.54 4.831 1.71 0.46 0.56 0.45 85.23
1700. 3.07 7.87 18.70 11.76 3.1 1.81 2.6% 4.9%¢ 6.97 6.63 9.5¢ 4.831 1.71 0.46 0.5 0.65 B85.23
1750. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% &.44 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.45 85.23
1300. 3.07 7.87 18.70 11.76 3.51 1.81 2.64 4.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.5 85.23
18540, 3.07 7.87 18.70 11.76 3.1 1.81 2.4 6.4% 6.97 6.63 9.54 4.81 1.71 0.46 D.55 0.65 85.23
1900. 3.07 7.87 18.70 11.76 3.61 1.B1 2.64 4&.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.23
1950 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.44 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.23
2000. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.45 85.23
2050. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 G.4% 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
2100. 3.07 7.87 18.70 11.76 3.1 1.81 2.64 4.4% 6.97 6.63 9.54 #.81 1.71 0.46 0.56 0.65 85.23
2150, 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4&.4% 6.97 6.63 9.54 4.B1 1.71 0.46 0.56 D0.65 85.23
2200. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
2250. 3.07 7.87 18.70 11.76 3.61 1.81 2.66 6.4¢ 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.45 B85.23
2300, 3.07 7.87 18.70 11.76 3.61 1.B1 2.6% 4.4%¢ 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
2350. 3.07 7.87 18.70 11.76 3.61 1.81 2.66 &.44 £.97 6.63 9.5 4.81 1.71 0.46 0.56 0.85 85.23
2400. 3.07 7.87 18.70 11.76 3.61 1.81 2.84 4.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 B85.23
2450 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% 6.97 6.63 9.54 4.831 1.71 0.46 0.56 0.85 85.23
2500 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.44 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.85 B85.23
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Table 3-31 (Continued)

BEAnd SRR NN E RN R s e nndtsasend PLUME LEMGTH FREGUEMCY TAHLE #esansmasmios s s s dmmew s wms s wew e sww
HATURAL ORAFT COOLING TOWER EXAMPLE USING CD14% MET TAFE
SEASOH=WINTER

DISTAMNCE wnaguitdnsnenaniandsuninunnnnnabnnnnenunsnann HIND) FRCM EANE AR E AN R E AN RN R ONABURAAE AR

FROHY N NHE HE EME E ESE SE SSE S 55H SH  HSH H W NW  MMH SUH

TCHER OO R R NN R PLUME HEADED sassanssdsdssmniannois i inssasanansinsnndnnns

(H} S S55H SH  HSH H HHH M ] HHE HE  EHE E ESE SE SSE SUH

2550. 3.07 7.37 18.70 11.76 3.61 1.81 2.64 6.44 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.85 85.23
2600, 3.07 7.87 18.70 11.76 3.61 1.81 2.564 4%.44 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 B85.23
2650. 3.07 7.87 18.70 11.76 3,61 1.B1 2.64 4.44 6£.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 35.23
2700. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.49 6.97 6.63 9.54 6.31 1.71 0.46 0.56 0.65 B85.23
2750. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 &.44 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 85.23
2800. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 %.44 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
2850. 3.07 7.87 12.70 11.76 3.61 1.81 2.64 4.9% 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.23
2900. 3.07 7.87 18.70 11.76 3.41 1.81 2.44 4.44 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
2950. 3.07 7.87 18.70 11.76 3.61 1.81 2.66 4.44 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
3000. 3.07 7.87 18.70 11.76 3.61 1.81 2.65% 4.44 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 85.23
3050. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.4% 6.97 6.63 9.5¢ 4.831 1.71 0.46 0.56 0.65 85.23
3100. 3.07 7.87 18.70 11.76 3.41 1.81 2.6% 4.44 6.97 6.63 9.5 4.831 1.71 0.46 0.56 0.65 85.23
3150, 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 &5.23
J200. 3.07 7.a7 18.790 11.76 3.61 1.81 2.86 4.44 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 25.23
3250, 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.44 6.97 6.63 9.54 45.31 1.71 0.46 0.56 0.45 85.23
33o00. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 6.44 6.97 6.63 9.5 4.81 1.71 0.46 0.5 0.65 25.23
3350, 3.07 7.87 15.70 11.76 3.61 1.81 2.64 4.9% 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 B85.23
3400, 3.07 7.87 18.70 11.76 3.61 1.81 2.64% 4.4% 6.97 6.63 9.5% 4.831 1.71 0.6 0.5 0.65 85.23
3450, 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.44 6.97 6.63 9.5 4.81 1.71 0,46 0.56 0.65 85.23
3s00. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 6.44 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
3550, 3.07 7.87 18,70 11.76 3.41 1.81 2.6% 4.44 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.45 85.23
3600. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4%4 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
3450. 3.07 7.87 18.70 11,76 3.61 1.81 2.64 4.46 6.97 6.63 9.5 4.81 1.71 0.46 0.5 0.65 85.23
3700. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.%% 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
37%0. 1.07 7.87 18.70 11.76 3.61 1.81 2.64 4&.4% 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 385.23
1300. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.%% 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
1250, I.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% £.97 6.63 9.54 6.81 1.71 0.46 0.56 0.65 B85.23
3900, 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% 6.97 6.63 9.5% 4.81 1.71 0.46 0.5 0.65 85.23
3950. 3.07 7.37 18.70 11.76 3.61 1.81 2.64 4.%% 6.97 6£.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
4000. 3.07 7.87 18.70 11.76 3.61 1.81 2,64 4.94 6.97 6.63 9.5 4.831 1.71 0.46 0.56 0.65 85.23
4050. 3.07 7.87 18.70 11.76 3.61 1.31 2.694 4.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.23
4100. 3.07 7.87 18.70 11.76 3.61 1.831 2.64 4.44 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 85.23
§150. 3.07 7.87 18.70 11.76 3.61 1.B1 2.6% 4.46 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
4200. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.44 6.97 6.63 %.5% 4.B1 1.71 0.46 0.56 0.65 85.23
4250. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.58 0.65 85.23
4300. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.4% 6.97 6.63 9.54 4&.8%7 1.71 0.46 0.56 0.65 85.23
6350. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4%.4% 6.97 &.63 9.5¢ %.81 1.71 0.46 0.56 0.65 85.23
4400. 3.67 7.87 18.70 11.76 3.81 1.81 2.8% 4.44 6.97 6.43 9.5 4.81 1.71 0.46 0.5 0.65 85.23
4450. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 6.9% 6.97 6.63 9.5¢ 4.31 1.71 0.46 0.56 0.65 8&5.23
4500. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% 6.97 £.63 9.5¢ 4.831 1.71 0.46 0.56 0.65 85.23
4550. 3.07 7.87 18.70 11.76 3.61 1.81 2.6 4.%% 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.23
4600. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.4%4 6.97 6.63 9.5¢ 64.81 1.71 0.46 0.5 0.65 35.23
4550, 3,07 7.87 18.70 11,76 3.61 1.81 2.64 4.44 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.85 85.23
4700. 3.07 7.87 18.70 11.76 3.61 1.81 2.66 64.44 6.97 6.63 9.5¢ 4.31 1.71 0.46 0.56 0.65 B85.23
4750. 3.07 7.87 18.70 11.76 3.61 1.81 2Z.6% 4.30 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.60 235.05
4800. 3.07 7.%7 18.70 11.76 3.61 1.831 2.6% 6.30 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.60 85.05
4350. 3.07 7.87 18.70 11.7¢ 3.61 1.81 2.6% 4.30 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.60 85.05
4900, 3.07 7.837 18.70 11.76 3.61 1.81 2.6¢ 6.30 6.97 6.63 9.5¢ 4,31 1.71 0.45 0.56 0.60 85.05
4550. 3.07 7.87 18.70 11.76 3.61 1.81 2.6%4 3.75 6.97 6.63 9.5% 4.831 1.71 0.46 0.5 0.51 84.40
5000. 3.07 7.7 18.70 11.76 3.61 1.81 2.64% 3.75 6.97 6.63 9.5¢ 4.31 1.71 0.46 0.56 0.51 34.40
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Table 3-33. Total sqlar energy loss at a given distance
and direction due to plume shadow -- winter season

sasanBunsssenunndunnsununnuwus TOTAL SOLAR EMERGY LOSS TABLE (HI/HERD Dot st 000k ohoh o0 m ook 0000 0 06 0 0 0 0 00 0 e 0
MATURAL DRAFT COOLING TOHER EXAHPLE USIMG CD14% HET TAFE
SEASOH=WINTER

VISTAHCE MERSSSuaRR0 ERA NN R SN NN SR a0 it TND FROM 550000 00050000000 000063000000 00 000000 0600 0000300063000 0 0

FROH N HHE NE  ENE E ESE SE  SSE s SSH SH  H3HW H WHH NW  NMW AVG
TOHER USSR A R N E N RS e a s esnne PLUHE HEADED sescssponmadindinit B g sl i nonsnssnss
(H) S SSH SH  HSH H W HAd  HMH N NHE NE  ENE E ESE SE SSE AVG
200. 147.0 972.0 175.0 175.2 177.2 180.8 179.0 166.5 147.6 133.% 117.2 99.4 90.9 93.9 97.5 134.5 143.0
400, 18.0 53.4 145.9 157.0 167.4 170.8 173.3 165.3 147.5 129.4 9%.5 44.9 7.9 9.5 12.2 12.7 94.7
600. 10.3 22.9 119.9 146.% 145.6 141.4 131.9 109.4 102.7 94.2 €9.0 22.6 9.5 6.6 7.2 6.6 71.6
200. 6.8 19.4 100.9 137.3 133.3 105.1 83.9 52.0 67.3 69.9 51.9 13.6 5.9 5.4 4.7 6.8 54.0
10040. 6.2 18.0 &3.7 131.6 113.1 83.7 51.1 32.2 52.1 55.7 43.9 9.1 4.7 55 4.2 6.8 431.9
1200. 6.4 16.6 73.7 123.3 97.0 63.8 36.6 26.2 42.0 46.6 36.6 8.6 4.6 6.3 2.7 4.9 37.1
1400. 6.4 15.8 2.7 119.8 &7.4 50.2 25.5 19.1 37.2 39.5 32.3 7.9 3J.& 4.3 3.0 4.9 325
1600. 5.8 15.5 59.2 116.0 81.8 41.0 22.1 16.5 32.2 38.1 30.1 5.7 3.8 4.0 3.0 4.5 29.9
1800, 5.4 15.% 5.5 112.3 72.4 36.1 7.9 13.8 30.1 3.2 258 55 28 3.9 2.7 4.5 27.5
20048, 5.4 14.8 54.6 105.6 63.9 30.6 16.6 12.5 27.8 34.2 23.0 53 2.% 39 2.7 45 255
2200. .8 14.4 53.5 101.8 60.5 27.2 15.4 10.9 25.9 32.8 20.7 4.8 2.8 3.9 2.4 4.5 24.1
2400, 4.8 13.8 50.9 98.0 56.5 23.8 15.4 10.9 24.6 30.9 18.8 3.9 2.2 3.9 2.2 &5 22.7
2600 .8 13.2 50.3 95.8 50.2 21.9 13.4¢ 10.7 2%¢.1 27.7 7.2 3.8 2.0 3.5 2.4 4.5 21.6
2800. 4.8 12.6 47.3 92.8 456.1 19.3 13.1 10.9 21.1 26.7 17.2 3.8 1.6 3.0 2.5 &5 20.5
3000, 4.8 12.6 44.1 90.8 41.4 18,6 12,6 8.9 20.5 26.7 17.0 3.3 1.6 2.8 2.6 4.1 19.5
3200. 4.4 12.6 43.7 38.8 40.8 17.4 12.2 8.7 19.4 26.4 16.1 3.8 1.6 2.8 2.1 4.1 19.0
3400. 3.6 1.8 42,4 B7.2 39.1 15.8 11.9 &.0 18.6 26.4 1.2 3.7 1.6 2.8 2.1 4.1 18.3
3600. 3.6 1.3 40.2 &3.1 37.2 15.6 11.1 7.5 19.1 25.3 13.7 3.6 1.6 2.8 2.1 4.1 17.6
1300 3.8 11.8 328 79.3 358 153 10.8 7.6 186 25.0 13.7 3.5 1.6 2.8 2.1 4.1 12.2
4000. 3.5 11.8 37.2 76.0 35.5 15.0 10.7 7.6 18.6 25.0 13.7 3.4 1.6 2.8 1.7 4.1 16.83
4200. 3.2 11.8 3.0 74.2 36.3 1.0 9.9 7.2 17.6 24.4 13.0 3.4 1.6 2.8 1.3 3.2 16.1
4400. 2.8 11.8 3%.1 70.1 33.5 13.5 9.6 6.9 17.0 23.3 12.5 3.4 1.6 2.8 1.1 3.2 155
4600. 2.8 11.8 33.2 70.1 32.1 13.3 9.4 6.9 17.0 23.3 12,5 3.2 1.6 2.8 1.1 3.2 153
4800. 2.0 11.2 30.3 69.7 31.6 13.3 9.4 6.5 16.0 23.3 12,5 3.1 1.6 2.8 1.1 32 14.9
5000. 2.0 11.4 28.8 69.0 30.3 123 9.4 6.5 16.0 23.0 11.2 3.t 1.6 2.5 1.1 3.2 14.5
5200. 2.0 10.7 27.8 67.3 27.6 1.4 9.4 6.2 15.1 22.1 11.2 3.0 1.6 2.5 1.1 2.9 13.9
5400. 2.0 10.3 26.2 65.4 26.7 1.4 8.5 6.2 14.8 21.3 10.1 2.9 1.6 2.2 1.1 2.9 13.4
5600, 1.7 10.3 25.5 63.8 26.0 11.4 8.5 6.2 14.83 20.7 10.1 2.9 1.6 1.9 06 2.9 13i.1
5800. 1.7 10.3 264.7 63.2 24.8 1.4 7.4 6.0 14.8 20.1 10.1 2.9 1.6 1.9 0.6 2.9 12.8
6000. 1.7 10.3 24.7 61.8 24.5 10.6 7.4 6.0 14.2 19.1 9.9 29 1.6 1.9 0.6 2.9 125
6200. 1.7 10.1 23.8 59.3 22.9 10.4 7.0 6.0 14.4 19.1 9.9 2.4 1.6 1.2 0.6 2.2 12.0
6400. 1.7 9.7 23.8 59.3 22.9 10.2 7.0 5.7 14.2 19.1 9.6 2.4 1.2 1.2 0.6 2.2 11.9
6600, 1.7 9.1 235 53,9 22.1 10.1 6.4 5.5 13.7 18.8 9.0 2.4 1.2 1.2 0.5 2.2 11.6
6300. 1.7 9.1 23.0 57.6 21.8 1W0.0 6.4 4.3 13.7 1.2 9.0 2.4 1.2 1.0 0.5 2.2 1.3
7000 1.7 7.8 22.7 5.0 21.8 9.9 5.4 4.1 13.7 1.9 9.0 2.4 1.2 1.0 0.5 1.6 10.9
7200. 1.4 6.7 22.1 5.0 20.9 5.9 5.4 3.9 13.2 1.9 9.0 2.3 1.2 1.0 0.5 1.6 10.6
7400. 1.4 4.7 21,5 55.¢ 20.0 9.6 5.4 3.9 13.2 13.8 9.0 2.3 1.2 1.0 0.5 1.6 10.3
7600. 1.4 4.7 21.5 53.3 19.1 9.2 5.4 1.7 13.2 13.& 3.0 2.3 1.2 1.0 0.5 0.9 9.9
7800. 0.0 4.1 20.8 52.2 19.1 9.2 5.4 3.6 12.4 13.84 &0 2.3 1.2 0.% 05 0.9 9.6
&000. 0.0 2.3 19.2 50.8 18.6 9.2 5.4 3.6 11.5 1.0 7.6 2.3 1.2 0.9 0.5 0.0 9.0
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winter season

Percent loss of direct (beam) energy incident
on the ground due.to plume shadow —--

Table 3-35.
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funection
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Salt drift depos

Table 3-36.

of distance and direction -— winter season
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Figure 3-10. Sketch of geometry and corientation of natural-draft
cooling towers used in Case Study 2.
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Figure 3-14, Isopleth plot of results presented in Table 3-34
(percent energy loss due to plume shadowing).
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Figure 3-16. Isopleth plot of results presented in Table 3-36
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APPENDIX A

ALLOWANCE FOR P., C., AND M-TYPE
MIXING HEIGHTS AND WIND SPEEDS

NCC tabulations of mean mixing heights and wind speeds are given separately for precipitation (P} and
non-precipitation (non-P) cases. These tabulations show a distinct tendency for P mixing heights to be higher in
the morning and lower in the afternoon than non-P heights. In the calculations, this happens because of the
effects of dense cloudiness. Actually, morning and afternoon mixing heights with precipitation may be expected
to be higher than without because in the mixing layer above the condensation level the (slower) pseudoadiabatic
lapse rate would be more appropriate than the dry adiabatic lapse rate. However, the effectiveness of this
consideration is highly dependent on such assumptions as the water vapor content of the initially lifted parcel,
the amount of entrainment as the parcel rises, etc. In view of such complexities and the intended climatological
use of the derived data, it was decided to allow for all mixing-height and wind-speed cases other than non-P in an
arbitrary manner. C cases (Appendix A, Tabulation 11I) were treated as P cases since marked cold air advection
was assumed to be generally indicative of a comparatively deep mixing layer. Wind speeds for P and C cases were
assumed faster than otherwise. The number of missing (M) cases was insignificant.

In allowing for P, C, and M cases, it was assumed that the morning and afternoon mixing heights and wind
speeds generally were greater than for non-P cases. The allowance was made through use of NCC Tabulation I (see
Table A-3), frequencies of mixing-height classes by wind speed classes. One-half of the total P, C, and M
frequencies were proportionately redistributed among the non-P frequencies for mixing-height classes above the
mean height (for all speed classes). The remaining one-half of P, C, and M frequencies were redistributed among
the non-P frequencies for wind speed classes above the mean speed (for all mixing height classes). Thus, the non-P
part of each table of mixing-height class by wind-speed class (see Table A-5) was divided into four sections
according to the mean height and mean speed. Approximately one-fourth of the P, C, and M frequencies was
redistributed in the upper-right section of the frequency table (i.e. in the non-P section with speeds above the
mean and heights below the mean); one-fourth was redistributed in the lower left section (i.e., non-P heights
above the mean and speeds below); and one-half was redistributed in the lower-right section (i.e., non-P heights
and speeds both above the mean). In the redistributions each individual (cell) frequency of non-P mixing height
by wind speed was increased in proportion of its frequency to the total non-P frequency of all cells being
considered. The total frequencies of all non-P cells above the mean mixing height and above the mean wind speed
each was considered separately. Cells with zero non-P frequencies were unaffected by redistributions as were cells

below both the mean mixing height and mean wind speed. Due allowance was made for mean heights and wind
speeds that fell within a class interval.

Mean mixing heights and wind speeds given in NCC Tabulation 111 (see Table A-3) are based on averages of
the actual values. The means finally arrived at after the redistributions are the NCC Tabulation 11 means plus the
increase in mean value between the mean based on frequency counts by class intervals before (non-P cases only]
and after (all cases) the redistributions. Table B-1 gives mean seasonal and annual values of mixing height and
wind speed for both before and after allowance for P. C. and M cases. Percentage freauencies of non-P cases are
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Appendix B

TABLES FOR U.S. STATIONS FOR

(A) TOTAL AVERAGE DAILY SOLAR
INSOLATION FOR THE MONTH

(B) MONTHLY CLEARNESS INDEX
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APPENDIX C

DETERMINATION OF CHARACTERISTIC WIND DIRECTION FOR INPUT
TO THE PLUME MODEL FOR MULTIPLE-TOWER CASES

In this Appendix, we will explain how to select the N standard wind directions
(SWDs) for an actual site, and we will discuss some of the practical
difficulties involved in their choice and application. The basic philosophy
we want to keep in mind is that for a given installation of multiple NDCTs,
CMOCTs or LMDCTs, there are usually only a few significantly different wind
directions from the viewpoint of plume merging and wake effects. Instead of
running the plume code for each of the 16 meteorological wind directions
(MWDs), we can usually obtain the uniquely different plume behaviers for a
given category of meteorological and tower conditions by running the plume
model for only two or three wind directions. For example, in Fig. C-1, we
show a set of four NDCTs or CMDCTs arranged in a square (a common geometry
when four towers are present such as at the extensively-studied Keystone site
in Pennsylvania). The natural choice of user-selected origin for this
installation is at the center of the square. It is clear that in the range of
wind direction angles between 0 and 360°, only wind directions between 0° and
45" give unique plume behaviors, and any other wind direction gives an
identically predicted plume to one in this range. It is also clear for this
tower geometry that wind directions of 0® and 45° wil11 yield the most
divergent predictions. We would at least want to consider these two SWDs.
But if we decide to choose three wind directions, we will include a SWD for
every sector -- for every range of MWD. This is the maximum directionality.
which has meaning when the weather tapes only specify wind directions within
22,5° sectors. Thus, in this case an adequate choice would be the two SWDs
(0°, 45"); alternatively, use of the three wind directions (0°, 22.5°, 45%)
would give the richest meaningful representation of wind directional effects.

Qur first task is to select WO(I), I-1,...,NWD. This array contains the SWDs,
and is needed when applying the seasonal/annual system to a site. We will
show other exampies below, some of which have additional difficulties. But
first, let us outline the second necessary step in including directional
effects for the above example; namely the selection of the array IWD(N),
N=1,...,16. This array indicates which of the SWDs the code should use when
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calculating effects produced when the wind for a particular hour on the
meteorological tape is in any'one of the 16 MWDs. Thus, the values of the
[WD-array 1ie between 1 and NWD, the number of SWOs. The correct choice 4 of
rumbers in the [WD-array, when the three SWDs shown in Fig. C-1 are usad, is
also indicated in that figure by means of the circled integers. For example,
IWD(2) = 2 means that in accumulating environmental effects for sector 2, the
results of the detailed case computation for each category representative with
a wind direction of 22.5° is used. Clearly, this computation is also
appropriate for sectors 4, 6, 8, 10, 12, 14 and 16 if the effects computed are
distributed inte the corresponding downwind secticns on the ground.

The decision is somewhat more difficult when only two SWDs are selected, as
shown in Fig. C-2, because one has to decide whether to use the 0° calculation
or the 45° calculation for the even-numbered sectors. Since for most
environmental effects the predictions will be conservative if the plume mixes
rapidly and experiences the maximum wake effects (causing the lowest-rising
plume), the use of the 0° SWD seems most desirable. However, this selection
will tend to place the drift from the small drops nearer the tower which may
not be conservative in sensitive cases. In that case, the pattern
1222122212221222 may be more desirable for the user. In either case, 8 of the
16 sectors are exactly represented by the SHWDs.

Next we consider the case of a single LMOCT oriented with its axis along an
east-west direction as shown in Fig. C-3. For linear towers, we recommend
three SW0s: directions perpendicular to the tower axis, along the tower axis
and at 45° to the tower axis. Here a suitable choice for the three SWDs is
0°, 45° and 90°, Clearly sector 1 must have IWD = 1, sector 3 must have IWD =
2, and sector 5 must have IWD = 3. Likewise, the IWD-values for all of the
remaining odd-numbered sectors are unambiguously predetermined. But judgment
is required to set the IWD-values for the even-numbered sectors because their
central angles fall midway between two SWDs. Considering only the first
quadrant (which determined all remaining choices by consistency), we have
indicated our recommended choices in Fig. C-3. There we choose to use the 0°
prediction in sector 2 as well as sector 1, believing from test runs of our
plume code that a wind direction of about 22.5° (in the center of sector 2)
gives predictions very close to those obtained for a wind direction of 0°.
Further, this choice is conservative except for far-field drift, because in
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the crossflow grientation the-plume will rise the least and mix the fastest.
The choice of IWD = 3 in sector 4 means that the inline predictions will be
used for an average wind direction which 1ies 22.5° away from inline. Our
test calculations again show that the predictions for a wind direction 22.5°
away from inline differ little from those for & pure inline wind direction.
But if the user wants to follow the conservative philosophy, he may want to
specify the IWD-array as 1122322111223221.

In the case of the same linear tower with its axis in a ME-SW orientation, the
choice is very similar. As shown in Fig. C-4 the SWDs are chosen as 45°, 0°
and 135° is a crossflow orientation (and -45° could also have been

selected). The cheoice of the IWD-arvay is really identical to that in Fig. C-
3, but the pattern is rotated by 45°, and the SWDs are numbered differently.
The chosen pattern is 2111233321112333., Again, a choice of 2212233322122333
will appeal to some users as more conservative.

In all of the previous examples, the axes of symmetry of the tower complex 1ie
conveniently along the middle of a MWD sector. In practice, of course, this
is not always the case. The final set of complications the user has to face
is shown in Figs. C-5 and C-6, for two adjacent LMDCTs with parallel axes.

The long axis of the towers is, however, assumed to be 16° east of north. If
three SWDs are chosen, they should be taken as inline, 45° to the tower, and
crossflow. Here this implies 16°, 61°, and 106°. Since Since each even-
numbered sector contains one of the SWDs, the specification of IWD for these
sectors is unambiguous. Also, sector 1 should probably be associated with the
16° predictions, because its central angle is only 16° from this wind .
direction. Likewise, it is clear that sectors 5 and 13 must be associated '
with the crossflow case, also having central angles that differ by only 16°
from that orientation. The sectors for which the choice is not clear are
numbers 3, 8, 11 and 16. Our suggestion is to associate these sectors with
the 45° predictions, because the effects will be more conservative in this
case than if inline results are used for them (except for far-field drift
effects). The recommended pattern in this case is, then, 112233221122332%Z.
However, other choices could be defended. If the user wanted to emphasize the
inline orientation to increase far-field drift for example (to add
conservatism), the choice 1112332111123321 would make sense. When the
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symmetry Tines of the tower complex are not simply related to central angles
of sectors, the choice obviously reguires more judgment and compromise.

As a final example of our methods of selecting the IWD-array, we present in
Fig. C-6 the same tower configuration as in Fig. C-5, but here introduce only
two SWDs, corresponding to inline and crossfiow. These are 16° and 106°. MNow
the only sectors for which the choice of IWD is ambiguous are 3, 4, 7, 8, 11,
12, 15 and 16. As shown in Fig. C-6, we have chosen to associate sectors 16
and 3 with the inline wind direction, which means that sectors 8 and 11 will
also be so associated by symmetry. Sectors 4 and 7 have been asscciated with
the crossflow dinw direction, which by symmetry also associates sectors 12 and
15 with this direction. The resulting IWD array is 1112222111122221. Another
reasonable choice that strongly emphasizes the crossflow results is
1122222211222222. MNeither of these selections of IWD is ideal, and here the
read advantage of using three SWOs is evident.

The user should remember that in cases with even less symmetry than the
examples shown, more than three SWDs can always be used, up to a maximum of
16. For example, if a site has two LMOCTs whose axes are at right angles to
one another, a richer set of SWDs may be needed. To us it seems that six wind
directions would probably be enough at such a site, but this would depend on
where the tower centers are located relative to each other. It would depend
particularly on whether either tower lies significantly in the wake of the
other tower for certain wind directions. However, for three CMDCTs at the
vertices of an equilateral triangle it is clear that three SWDs, the second
30° beyond the first and the third 30° beyond the second will represent fully
the directional effects of the complex. But since these angles are
incommensurate with the 22.5° sector widths, this configuration poses problems
in the selection of IWD.

Finally, a case we have seen in field studies involves a set of NDCTs Tocated
approximately along a line. Here we would recommend three SWDs if the plumes
from the towers are near enough together to interact. The three should be

chosen along the 1ine of towers, perpendicular to the 1ine, and at 45° to the
Tine.
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INDCNY : 1232123212321232

FIGURE C-1. Selection of three standard wind directions and the IWD-array
for a site with four NDCTs or CMDCTs arranged in a square with
sides oriented north-south and east-west
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IWD{NY . 1121112111211121

FIGURE C-2. Selection of two standard wind directions and the IWD-array for
a site with four NDCTs or CMDCTs arranged in a square with sides
oriented north-south and east-west
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IWDNY s 1123332111233321

FIGURE C-3. Selection of three standard wind directions and the IWD-array
for a single LMDCT oriented with its long axis along an east-
west direction
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IWD(N) : 2111233321112333

FIGURE C-4. Selection of three standard wind directions and the IWD-array
for a single LMOCT oriented with its long axis aleng a
NE=SW directiaon
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Ax1s OF TCWERS

/ Wy, (619)

[WD(N) ; 1122332211223322

FIGURE C-5. Selection of three standard wind directions and the IWD-array
for a site with two parallel LMDCTs oriented with their Tong
axes at an angle of 16° east of north



FIGURE C-6.

Ax1s oF TOWERS
N

W (169)
D
50 ,{{ .

IWD(N): 1112222111122221

Selection of two standard wind directions and the IWD-array for
a site with two parallel LMDCTs with their long axes at an angle
of 16° east of north
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