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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 submodels for these physical impacts provide improvements in
theory and performance compared to 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
-coling 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 meteorological 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 output 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 naturai-draft
cooling towers, and the other for a site with two 1linear mechanical-draft
cooling towers oriented parallel to each other. Input and output to the codes
are presented and described.



ACKNOWLEDGMENTS

The authors of this report would 1ike to extend their appreciation to the many
users of the April 1984 version of the SACTI code for their helpful comments
on the model and computer code. This new version of the code is mainly the
result of implementing their suggestions for a more user-friendly input and
output environment.

In addition, we would 1like to thank Mr. John Bartz for his continued support
and encouragement as technical monitor for this project. His comments and
suggestions on enhancing the usefulness of our work to the utility industry
and others were very helpful.



CONTENTS

Section
1 INTROBUCTION

Upwards Compatibility

Source Code Transportability

Test Case Transportability

General Code Improvements

Specific Code Improvements and Bug Fixes

Preprocessor
Plume Code
Tables and Pagepliot Programs

2 INPUT SPECIFICATIONS AND OUTPUT TO THE SEASONAL/ANNUAL COMPUTER
CODES

The PREPROCESSOR Code
The PLUME Model
TABLES Program
The Plotting Routine PAGEPLOT
3 CASE STUDIES ILLUSTRATING APPLICATION OF THE SEASONAL/ANNUAL MODEL
Case Study 1: Application to Linear Mechanical-Draft Cooling
Towers
Case Study 2: Application to Natural-Draft Cooling Towers
APPENDIX A: ANNUAL MIXING HEIGHT DATA FROM HOLZWORTH
APPENDIX B: TABLES FOR U.S. STATIONS FOR
a) Total Average Daily Solar Insolation for the Month

b) Monthly Clearness Index

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

ix

c-1






ILLUSTRATIONS

Figure

3-1 Sketch of geometry and orientation of mechanical-draft cooling
towers used in Case Study 1

3-2 Isopleth plot of results presented in Table 3-12 (frequency of
occurrence of visible plume)

3-3 Isopleth plot of results presented in Table 3-13 (hours of
shadowing)

3-4 Isopleth plot of results presented in Table 3-14 (total solar
energy loss due to plume shadowing)

3-5 Isopleth plot of results presented in Table 3-15 (percent energy
loss due to plume shadowing)

3-6 Isopleth plot of results presented in Table 3-16 (percent energy
loss of direct [beam] energy due to plume shadowing)

3-7 Isopleth plot of results presented in Table 3-17 (salt drift
deposition)

3-8 Isopleth plot of results presented in Table 3-18 (hours of
plume fogging)

3-9 Isopleth plot of results presented in Table 3-19 (hours of
rime ice)

3-10 Sketch of geometry and orientation of natural-draft cooling
towers used in Case Study 2

3-11 1Isopleth plot of results presented in Table 3-31 (frequency of
ocurrence of visible plume)

3-12 Isopleth plot of results presented in Table 3-32 (hours of
shadowing)

3-13 Isopleth plot of results presented in Table 3-33 (total solar
energy loss due to plume shadowing)

3-14 1Isopleth plot of results presented in Table 3-34 (percent energy

loss due to plume shadowing)

Xi

3-384
3-39
3-40
3-41
3-42
2-43
3-44
3-75
3-76
3-77
3-78

3-79



Figure
3-15

3-16

C-1

C-2

C-3

C-4

C-6

Isopleth plot of results presented in Table 3-35 (percent energy
loss of direct [beam] energy due to plume shadowing)

Isopleth plot of results presented in Table 3-36 (salt drift
deposition)

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

Selection of two standard wind directions and the IWD-array for
a site with four NDCTs or CMBCTs arranged in a square with sides
oriented north-south and east-west

Selection of three standard wind directions and the IWD-array for
a single LMDCT oriented with its long axis along an east-west
direction

Selection of three standard wind directions and the IWD-array for
a8 single LMDCT oriented with its long axis along a NE-SW
direction

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

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

X1

Page

3-80

3-81

C-5

C-6

C-7

C-8

c-9

c-10



Table

3-1

3-2

3-3

3-5

3-6

3-8

3-9

3-10

3-11

3-12

3-13

3-14

TABLES

Characteristics of drift emission from the mechanical-draft
cooling tower in Case Study 1

PREPROCESSOR Model input form -- Mechanical-Draft Cooling Tower
Case Study

PLUME Model input form -- Mechanical-Draft Cooling Tower Case
Study

TABLES 1input form -- Mechanical-Draft Cooling Tower Case Study
PAGEPLOT input form -- Mechanical-Draft Cooling Tower Case Study

Listing of input files for PREPROCESSOR, PLUME, TABLES, and
PAGEPLOT codes for Case Study 1

Summary of output of PLUME code providing 1isting of visible plume
length, rise, and final visible radius for wind direction of 45°
to line of towers

Summary of output of PLUME code providing listing of visible plume
length, rise, and final visible radius for wind direction of 90°
(crossflow)

Summary of output of PLUME code providing listing of visible plume
length, rise, and final visible radius for wind direction of 180°
(in 1ine)

Frequency of occurrence of 30 categories with wind direction for
Case Study 1 -- one year of data

Summary of statistics on meteorological data needed for
application of Appendix D on complex terrain

Frequency of occurrence of plume length with distance and
direction -- winter season

Hours of shadowing with distance and direction due to plume
shadow -- winter season

Total solar energy loss at a given distance and direction due
to plume shadow -- winter season

xiii

3-6

3.9
3-16

3-18

3-19

3-21

3-22

3-23
3-24
3-25
3-26
3-28

3-29



Table

3-15

3-16

3-17

3-18

3-19

3-20

3-21

3-22
3-23
3-24

3-25

3-26

3-27

3-28

3-29

Percent of energy loss compared to the total solar heat flux
incident on the ground -- winter season

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

Salt drift deposition as a function of distance and direction
-- winter season

Hours of plume fogging as a function of direction from the tower
and distance -- winter season

Hours of rime ice as a function of distance and direction from
the tower

Characteristics of drift emission from the natural-draft cooling
tower in Case Study 2

PREPROCESSOR model input form -- Natural-Draft Cooling Tower
Case Study

PLUME model input form -- Natural-Draft Cooling Tower Case Study
TABLES input form -- Natural-Draft Cooling Tower Case Study
PAGEPLOT input form -- Natural-Draft Cooling Tower Case Study

Listing of input files for PREPROCESSOR, PLUME, TABLES, and
PAGEPLOT codes for Case Study 2

Summary output of PLUME code providing listing of visible plume
length, rise and final visible radius for wind direction of
15° to 1line of towers

Summary of output of PLUME code providing 1isting of visible plume

length, rise, and final visible radius for wind direction of
90° (crossfiow)

Summary output of PLUME code providing Tisting of visible plume
length, rise, and final visible radius for wind direction of
180° (in 1ine)

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

xiv

3-34

3-35

3-47

3-48
3-51
3-57

3-59

3-60

3-62

3-63

3-64

3-65



Table

3-30

3-31

3-32

3-33

3-34

3-35

3-36

Summary of statistics on meteorological data needed for
application of Appendix D on complex terrain

Frequency of occurrence of plume length with distance and
direction -- winter season

Hours of shadowing with distance and direction due to plume
shadow -- winter season

Total solar energy loss at a given distance and direction due
to plume shadow -- winter season

Percent of energy loss compared to the total heat fiux
incident on the ground -- winter season

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

Salt drift deposition as a function of distance and direction
-- winter season

XV

Page

3-66

3-67

3-69

3-70

3-71

3-72

3-73



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 deposition, fogging, icing, and
shadowing.

Predictions of plume impacts on a seasonal/annual basis are often required 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 enhance 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 method, the piume and drift models must be overly simplified in
order to hold computational resource requirements within reasonable 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 each of these
categories. Various types of seasonal/annual 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 theory 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 Teads 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 categories 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 done on an hour-by-hour basis to
correctly account for the position of the sun in the sky and its effect on
shadow location. The characteristics of the plume category representative of
each hour are used in place of a separate calculation for each hour
individually.
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This report 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 scheme may be summarized
as follows.

PREPROCESSOR PROGRAM -~ reads data tapes, eliminates unusable
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 cooling 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 0'Hare International Airport was chosen in order to encounter
sufficiently cold conditions to illustrate fogging and icing.

The model and associated computer codes may be obtained from the Electric

Power Research Institute. The model is identified as SACTI (Seasonal/Annual
Cooling Tower Impacts model).
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Section 1

INTROCUCTION

The design and licensing of nuclear and fossil-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 Environmental
Report which sets forth the physical and ecological features of the site,
gives the design parameters of the station and presents an assessment of the
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 liquid water often containing high concentrations of
dissolved or suspended solids),

(¢) 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).
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Long range effects (e.g. cloud or storm generation) are generally 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 to subjective descriptions such as
"light," "moderate," or "heavy." Thus, the assessment methodology 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 gquide is identified as Ref. 1 below and was published in April 1984.
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 model
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 piumes 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 TDF-
14, and the time period 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 required,
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 FORTGl, 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 TDF-14 meterological tape used 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 1ine length to 128 characters maximum.
This change was made in response to user problems on systems that do not
support the previous maximum of 132 characters. Al1 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
problem 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 erroneously flag the first meteorological tape
record as a bad record; this problem could possibly occur on
systems that do not automatically initialize data to zero.

Coding logic has been added to prevent generation 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 radius 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 guard 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 provided; a stiffness condition
no longer stops execution.

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 denoted as SACTI (Seasonal/Annual Ccoling 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 PREPROCESSOR 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 meteorological
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 frequency tables and statistics of basic
meteorological parameters, and

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

INPUT

The execution of the PREPROCESSOR requires the user to supply two sets of data
into the input stream. The user must provide (a) a meteorological tape which
consists of hourly surface or meteorological tower observations for at least
one 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, TDF-14 and NRC Format. Two of the three tapes are produced by
the National Climatic Center in Asheville, North Carolina. These tapes, the
CD-144 and the TDF-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 to 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 TDF-14 tapes,
but these variables are largely those most useful for this system of codes.
(The CD-144 and TDF-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, record
length, and record format. The meteorological tape should be set up to be
read under file 1. The user also needs to input information to the
PREPROCESSOR through file 5. The information consists of four card image
records.

Program Name: PREPROCESSOR

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 1IV) 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 source code FORTRAN IV
compatible; alternative FORTRAN IV code is
provided in comment statements where
substitution is required.

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

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

Input Files: File 1 (FTOlF00l)--Meteorological Tape
File 5 (FTO5F001)--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 (FTO4F00l)--Intended to be disk file for
use by TABLES in Seasonal/Annual system
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Card Image User Input:

CARD 1

NAME

ITITLE

CARD 2

NAME

ISTOP

ISKIP

IouT

IMIX

FORMAT

File 6 (FTO6FO01l)--Intended to be PRINTER

File 5

DESCRIPTION

80A1

FORMAT

An 80 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.

DESCRIPTION

I6

12

12

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

Increment for processing tape records:
1
N

Every record will be processed
Every Nth record will be processed.

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

00 = Full 1listing

01 = Suppress records from printing.

Mixing height indicator:

01 = 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 11.
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IUR 12 Mixing height control switch:

01 = Rural mixing height will be used
02 = Urban mixing height will be used
IWIND 12 Stability class computation preference switch

(applicable only to NRC tape):
01 = Sigma Theta method
02 = Delta-T method.

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

NDRIFT 12 Switch for drift calculations:
00 = No drift calculations
01 = Calculate drift.

ITOWER 12 Type of tower:
01 = Natural draft.
02 = Circular mechanical
03 = Linear mechanical

ITAPE I2 Type of tape:
01 = CD-144
02 = NRC
03 = TDF-14

IZONE I2 Time zone of site:

05 = Eastern
06 = Central
07 = Mountain
08 = Pacific.
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CARD 3

NAME FORMAT DESCRIPTION
ALAT F10.5 Site latitude 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 (Appticable only when IMIX = 1). This value will be
used as the mixing height for all records.
HTERR F10.5 Reference height for terrain modification.
CARD 4
NAME FORMAT DESCRIPTION
TWRHT F10.5 Height of tower (m).
TWRDM 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 6
NAME FORMAT DESCRIPTION
HAVG 12F5.2 . 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 only)

NAME FORMAT DESCRIPTION

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

IFORM (12) Surface data format, 0 = 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 by
the TABLES code.

2-7



CARD 11 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of standard print output.

CARD 12 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

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

By setting IMIX=2, the user may choose to supply a TD-9689 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 previous 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 is selected) the PREPROCESSOR will terminate abnormally.

QUTPUT

Printer File 6

The PREPROCESSOR Code sends every valid meteorclogical 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 variables as a function of wind
direction are computed and printed after the 1listing 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 Tlast
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 Tast table:
Plume length/K/Stability Frequency Table. The stability categories in the
table are:

Pasquill Stability
Stability Category
Class Number

OMMoO o>
W WMNN

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 - Over 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 a 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 a 1line 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

JD 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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IWBIN
IFCAT
WD

FR

HLH
HDBEAM
HOTOT
0D
THETA

PHI

FK

PL

PH
The next sectio
program, and th
THE PLUME MODEL

Program Name:

Format:

Wind speed bin index

Fogging category number

Wind direction (degrees E of N)

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

Initial densimetric Froude number

Mixing height (m)

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

Total solar insolation 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

Ratio 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 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 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 6792 total.

Runtime Memory Requirements: Approximately 370,000 bytes (Compiler dependent)

Input Files: File 3 (FTO3F001l) -- Produced by PREPROCESSOR in
Seasonal/Annual system
File 5 (FTO5F001) -- User prepared

Output Files: File 6 (FTO6F001) -- Intended to be PRINTER
File 8 (FTO8F00l) -- Intended to be disk file
for use by TABLES in Seasonal/Annual system.

Card Image User Input: File 5

CARD N1 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

FNAME (A32) File name of unit 3 plume category data as created by
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

CARD 2

NAME

Iout

NFOG

NDRIFT

FORMAT DESCRIPTION
(A32) File name of plume and drift data for eventual use by
the TABLES code.
FORMAT DESCRIPTION
20A4 General heading for all cases
FORMAT DESCRIPTION
I3 Qutput control switch (Printer)
C = 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 2 O run the standard category cases (NCAT is the

total number of categories selected by the
PREPROCESSOR)

NFRAD I3 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 calculations to be
made (default is 1600)

NPORTS I3 Number of source output 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 for NDCT).
ISOURC I3 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 if NFRAD = 0; radial limit 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. If 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 port (m)
YC F10.1 Y-coordinate of port (m)
CARD 5
NAME FORMAT DESCRIPTION
NWD I3 Number of representative wind directions (maximum of
5
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USERWD(1) F10.1 First wind direction (degrees east of north)

USERWD(2) F10.1 Second wind direction (degrees east of north)

USERNW(3) Fl10.1 Third wind direction (degrees east of north)

USERWD(4) F10.1 Fourth wind direction (degrees east of north)

USERWD(5) F10.1 Fifth wind direction (degrees east of north)
CARD 6

NAME FORMAT DESCRIPTION

IWEQN 1213 Wind equivalent array for the 16 wind direction

sector. (1 < IWEQN < NWD).

CARD 7

NAME FORMAT DESCRIPTION

TWRADM F10.1 Actual diameter of CMDCT housing (m)

DA F10.1 Length of LMDCT housing (m)

DB F10.1 Width of LMDCT housing (m)

THTWR(1) F10.1 Direction of long axis of LMDCT (degrees east of
north)

THTWR(2) F10.1 Direction of long axis of LMDCT (degrees east of
north)

THTWR(3) F10.1 Direction of long axis of LMDCT (degrees of east of
north)
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THTWR(4)  Fl0.1 Direction of long axis of LMDCT (degrees east of
north)

CARD 8 ("NTWRS" cards required)

NAME FORMAT DESCRIPTION
XTWR F10.1 Tower housing X-coordinate of center (m)
YTWR F10.1 Tower housing Y-coordinate of center (m)

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

CARD P1
NAME FORMAT DESCRIPTION
CH F8.1 Wake height scale (m)
CL F8.1 Wake height scale (m)
CW F8.1 Wake height scale (m)
CARD P2
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 DESCRIPTION
SPAN F10.1 Span of plate (m)
CHORD F10.1 Chord of plate (m)

The following cards are needed if NDRIFT = 1.

CARD 1D
NAME FORMAT DESCRIPTION
DLABEL 20A4 Label to identify drift data
CARD 2D
NAME FORMAT DESCRIPTION
NDROPS I2 Number of drop sizes
DRIFTR £E10.3 Drift rate (gm/s) (total drift rate from all sources)
CWSC £10.3 Cooling water salt concentration (gm salt/gm solution)
SDENS F10.3 Salt density (gm/cm3)

CARDS 3D THROUGH (NDROPS+2)D

NAME FORMAT DESCRIPTION

DROP(I) F10.0 Ith drop diameter (m)
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MASFRAC(I) E10.3 Fraction of mass emission rate (DRIFTR) between drops
(I-1) and I. (Set to zero for first drop.)

DRPCON(I) El0.3 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 unique to
FORTRAN 77 are marked by the text F77 in the
sequence columns 73-80. These 1ines can be
deleted to make the source code FORTRAN IV
compatible; alternative FORTRAN IV code is
provided in comment statements where
substitution is required.

Source 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 (FTO8F001) -- produced by PLUME model
Output Files: File 6 (FTO6F001) -- Intended to be PRINTER
File 9 (FTO9F001) -- Intended to be disk file
for use by PAGEPLOT in Seasonal/Annual system.

Card image user input: FILE 5
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CARD N1 (used with FORTRAN 77 only)

NAME FORMAT DESCRIPTION

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

CARD N2 (used with FORTRAN 77 only)

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 N4 (used with FORTRAN 77 only)

FNAME (A32) File name of plume and drift prediction data created
by the PLUME code on unit 8.

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.

2-20



CARD 1

NAME FORMAT DESCRIPTION
NSEASN I3 Number of seasons (up to 5) that user wants to examine
MM I3 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 FORMAT DESCRIPTION
SEASON 5A4 User selected season name

CARD 3
NAME FORMAT DESCRIPTION
NHOURS I5 The number of hours in the user-defined season
IREC1 I5 The first tape record number in the user's season
IREC2 I5 The last tape record number in the user's season
IYEARL I5 The first year number in the user's season
IYEARL I5 The last year in the user's season
JD1 I5 The first Julian day in the user's season
Jb1 I5 The last Julian day in the user's season
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IHOURL I5 The first hour in the user's season

THOURZ2 I5 The last hour in the user'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 I3 Number of grids for height frequency table (Default
100)

NXR I3 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:

OQutput 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 1IV) 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 source code FORTRAN IV
compatible; alternative FORTRAN IV code is
provided in comment statements where
substitution is required.

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

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

File 9 (FTO9F001) -- Produced by TABLES in
Seasonal/Annual system,

File 6 (FTO6F001) -- Intended to be PRINTER

CARDB N1 (used with FORTRAN 77 only)
NAME FORMAT DESCRIPTION
FNAME (A32) File name of standard print output.
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CARD N2 (used with FORTRAN 77 only)

NAME

FNAME

CARD 1

NAME

ISIZE

ISCALE

CONT(1)

CONT(2)

CONT(3)

CONT(4)

FORMAT DESCRIPTION

(A32) File name of SEASONAL/ANNUAL output from TABLES for
PAGEPLOT code input on unit 9.

FORMAT DESCRIPTION

I8 Size identifier for plots
1 =21 rows by 42 columns (52 cols. total)
2 = 52 rows by 102 columns (112 col.s total)

I3 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)

F10.2 First contour value desired in same units as table to
be plotted

F10.2 Second contour value desired in same units as table to
be plotted

F10.2 Third contour value desired in same units as table to
be plotted

F10.2 Fourth contour value desired in same units as table to

Card image input:

be plotted

FILE 9
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CARD 1

NAME FORMAT

DESCRIPTION

ALABEL 20A4

CARD 2

Label describing physical effect plotted including
units

DESCRIPTION

NAME FORMAT

BLABEL 20A4

Label describing site and/or meteorological data
source

DESCRIPTION

CARD 3
NAME FORMAT
CLABEL 5A4

Label describing season selected

CARDS 4 THROUGH (2*NRAD+4) have FORMAT (10£8.3)

RAD(1) Ith radial distance (km)

AR(I,J) I:1 to 16, 1 to NRAD (max. 50) gives the values of the environmental
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 above
format each radial will occupy two cards.

Array will be stored as:
RAD(1), AR(1,1),AR(2,1),...,AR(9,1)
AR(10,1),AR(11,1),...,AR(16,1)
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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-DRAFT COOLING TOWERS

The site in this example has two parallel liner mechanical-draft towers
separated by a distance of 140 meters. Each tower has 9 cells equally spaced
11 meters apart measured center to center. The tower housing is 16.9 meters |
high, 98.8 meters Tong and 22.2 meters wide. The parallel housings are
oriented so as to 1ie 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 required on a
seasonal and annual basis using one year of NWS data from Chicago, I11inois.

The PREPROCESSOR code requires 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
MW.

The example site is geographically located near Chicago at latitude 42 degrees
north and longitude 88 degrees west and the available meteorological 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 Tlisting of the entire input required by the codes is given in Tables 3-2 to
5-5. The PREPROCESSOR code input is listed in Table 3-2. The PLUME code
input as listed in Table 3-3. Tables 3-4 and 3-5 present the TABLES and PAGE
PLOT input.
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After running the PREPROCESSOR code, we find that we have 10 fogging and 31
plume cases for input 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
configuration as the center of the coordinate system for specifying the cell
information because subsequent calculations for drift deposition and
fogging/icing will be relative to this origin. The tower housing coordinates
and dimensions are also required.

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 salt 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 g/cma. 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 1isting 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 chosen 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 line of
towers. Table 3-8 presents similar runs for the 30 categories for the wind
direction at 90° to the centerline of the cooling tower. Table 3-9 presents
the results of 30 runs of the PLUME code with wind direction angle leading to
the in-1line 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 complex 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 mj/m2
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 kg/kmz-mo at each point on
the ground. A1l values in 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 function 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). A11 tabular values
are rounded off to the nearest contour values 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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Table 3-1. Characteristics of drift
emissions from the mechanical-draft
cooling tower in Case Study 1

Drop 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
50 - 60 0.0548
60 - 70 0.0351
70 - 90 0.0326
90 - 110 0.0178
110 - 130 0.0095
130 - 150 0.0076
150 - 180 0.0011
180 - 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 - 900 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 sglt (NaC1/g solution)
Density of dry salt 2.17g/cm
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Table 3-2. PREPROCESSOR Model input form -- Mechanical-Draft
Cooling Tower Case Study

Card 1 Columns

ITITLE TITLE:  Linear Mechanical Draft Cooling Tower

-- Dual Array Configuration (1-80).
Card 2:
ISTOP Number of Records Read (0 = A11)eeeencenennns 8760 (1-6).
ISKIP Skip Control (1 = No Skip, 2 = Every Other).. 1 (7-12).
IouT Qutput Control (0 = Full, 1 = No Records).... 1 (13-14).
IMIX Mixing Height Switch (1 = Ave., 2 = Tape).... 2 (15-16).
IUR Mixing Height Type (1 = Rural, 2 = Urban).... 2 (17-18).
IWIND Stability Class Switch for NRC Tape
(1 = Sigma Theta, 2 = Delta-T)eeeeeeeeennns 0 (N/A (19-20).
NFOG Fog Calculations ? (0 = No, 1 = YesS).ucuennn. 1 (21-22).
NDRIFT Drift Calculations ? (0 = No, 1 = YeS)..een.. 1 (23-23).
ITOWER Type of Tower (1 = NDCT, 2 = CMDCT,
3 = IMDCT ) evvreeenecacoancocsosncocansanaas 3 (25-26).
ITAPE Type of Tape (1 = CD-144, 2 = NRC,
T 1 3 1 (27-28).
IZONE Time Zone (5 = Eastern, 6 = Central,
7 = Mountain, 8 = Pacific)eeeiececerecannnns 6 29-30).
Card 3:
ALAT Site Latitude in Degrees North Latitude...... 42 (1-10).
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ALONG
ROUGHT
HREF
HTMIX

Card 4:
TWRHT
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 (cm)...

ooooooooooooooooooooo

Reference Height of Met Tape (M)eeeeeeeeennnn
Annual Average Mixing Height (m)

(Only if IMIX = 1)....

ooooooooooooooooooooo

Tower Effective Height (m)..eveeeeeneeecnnnnn
Tower Effective Exit Diameter (m).eceeeeneeens

Tower Effective Heat Rejection (MW)..........
Tower Effective Air Flow (kg/s)eeeececerennes

January Clearness Index.
February Clearness Index
March Clearness Index...
April Clearness Index...
May Clearness Index.....
June Clearness Index....
July Clearness Index....
August Clearness Index..

ooooooooooooooooooooo

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

ooooooooooooooooooooo

oooooooooooooooooooooo

September Clearness IndeX....eeeeeeececannees

October Clearness Index.
November Clearness Index
December Clearness Index

ooooooooooooooooooooo
ooooooooooooooooooooo

3-7

16.9

38.78
1400.0
13818.0

51
50
52
48
53
56
55
57
55
52
43
43

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

(41-50).

(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).



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

Table 3-2 (Continued)

January Daily Solar Insolation (mj/mz) .......
February Daily Solar Insolation (mj/mz) ......
March Daily Solar Insolation (mj/mz) .........
April Daily Solar Insolation (mj/mz) .........
May Daily Solar Insolation (mj/mz) ..........
June Daily Solar Insolation mj/m2 ...........
July Daily Solar Insolation (mj/m) «eeeveen.
August Daily Solar Insolation (mj/mz) ........
September Daily Solar Insolation (mj/mz) .....
October Daily Solar Insolation (mj/mz) ......
November Daily Solar Insolation (mj/mz) ......
December Daily Solar Insolation (mj/mz) ......

3-8

(1-5).

(6-10).

(11-15).
(16-20).
(21-25).
(26-30) .
(31-35).
(36-40).
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(51-55).
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Table 3-3. PLUME Model input form -- Mechanical-Draft
Cooling Tower Case Study

Card 1: Columns
ALABEL General Heading: Linear Mechanical-Draft
Cooling Tower Example -- Dual Line Array

Configuration.ceeeeeeeesececeocecsscsconsnanns (1-80).
Card 2:
I0UT Output Control SwitCh.eeeeiieerieeneeencens ceee 2 (1-3).
(0 = Plume Variables Only,
1 = Plume Variables and Tower Conditions,
2 = Only Label and Input Constants)
NFOG Fogging/Icing Control SwitCh..eevieeieecnaens 1 (4-6).
NDRIFT Number of Drift Cases (0 = No Drift,
1 = RUN Drift)eceieeeceeenseceancesescananans 1 (7-9).
NFRAD Number of Fogging/Icing Radials........ cesees Blank (10-12).
SMAXP Maximum Distance for Plume Calcutations (m).. 10000.0 (13-22).
SMAXF Maximum Distance for Fogging Calculations.... Blank (23-32).
NPORTS Number of Source Exit Ports (Cells).eceeece.. 18 (33-35).
NUSER Number of User-Specified Plates for
Wake Entrainment.....c.cecveeeen... cesecssanas 0 (36-38).
NTWRS Number of Tower Housing (Leave Blank '
£ S 3 I cecsescns 2 (39-41).
ISOURC Effective Source Mode Switch (0 = Multiple
Mode, 1 = Effective Source).ceeeeeeeceaneee 0 (42-44).



Card 3 is omitted since NFRAD=0 so 16 default radials are generated.

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

Card 4:
XC
YC
XC
YC
XC
YC
XC
YC
XC
YC
XC
YC
XC
YC

Table 3-3 (Continued)

(Repeated so as to supply NFRAD Values)

First Radial Distance (kM).eieeeiocecencscass N/A
Second Radial Distance (KM)..eeveveeeneeonnns N/A
Third Radial Distance (Km).e.eeeeeereeecoeann N/A
Fourth Radial Distance (kM).eeeeeeanencncanes N/A
Fifth Radial Distance (KmM)eeeeoeaecoanancaans N/A
Sixth Radial Distance (km).eeeeeeeeoeeoncness N/A
Seventh Radial Distance (km) seceeeececcansse N/A
Eight Radial Distance (km)eeeeeeeerecocnasens N/A

(Repeated once for each cell)

X-Coordinate of Cell(l).ieeeeerrancrccnannnans 18.38
Y-Coordinate of CeTl{l).eereerrecscnesocsenss 80.61
X-Coordinate of Cel1(2) tieecevcnccocecnnnnss 26.16
Y-Coordinate of Ce11(2) teeevrernnccnnacncnns 72.83
X-Coordinate of Cel1(3) ceceveeceaecnacanaans 33.94
Y-Coordinate of Ce11(3) ceiveencrecnncannocan 65.05
X-Coordinate of Cell(4) .iviivieecesnnnnncnnn 41.72
Y-Coordinate of Cell(4) ceivecerresneanacnans 57.28
X-Coordinate of Ce11(5) teeerrecaneccncnnnnss 49.50
Y-Coordinate of Cell(5)eiveeccecrncencrecnans 49.50
X-Coordinate of Cell1(6) ....... cecseesveseans 57.27
Y-Coordinate of Ce11(6) .veivevrerccrnnaccenns 41.72
X-Coordinate of Cel1(7) seceeceecrcnnseacncas 65.05
Y-Coordiante of Cel1(7) .ceeeceeennoccncanncns 33.94

3-10

(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).



Table 3-3 (Continued)

XC X-Coordinate of Cel1(8).cccrccecreccncsoannns 72.83 (1-10)
YC Y-Coordinate of Cel1(8) cieevreecrencescannns 26.16 (11-20)
XC X-Coordinate of Cel11(9) teveerececercocncnces 80.16 (1-10)
YC Y-Coordinate of Cel1(9) cccvvvevnencecrancnnn -18.38 (11-20)
XC X-Coordinate of Cel1(10) .vevenvcncnncccacass -80.61 (1-10)
YC Y-Coordinate of Cell(10) ..iveveceneennconnns -18.38 (11-20)
XC X-Coordinate of Cell(1l) .s.civevennennccccase -72.83 (1-10)
YC Y-Coordinate of Cell(1l) cveeveercnccccncenes -26.16 (11-20)
XC X-Coordinate of Ce11(12) .vvevvesneccncncoans -65.05 1-10)
YC Y-Coordinate of Cel1(12) ..vivvvereecncccsnns -33.94 (11-20)
XC X-Coordinate of Cell(13) ......... cecscecenas -57.27 (1-10)
YC Y-Coordinate of Cel1(13) .ieveieecrencnnnnnss -41.72 (11-20)
XC X-Coordinate of Cel1(14) ..vivreencencncnnns -49.50 (1-10)
YC Y-Coordinate of Cel1(14) .s.eivrinncecccncnnns -49.50 (11-20)
XC X-Coordinate of Cel1(15) cveeveerencncccannes -41.72 (1-10)
YC Y-Coordinate of Cel1(15) seeeveecrececccanees -57.28 (11-20)
XC X-Coordinate of CeTl1(16) seeeveiveneacecccanes -33.94 (1-10)
YC Y-Coordinate of Cel1(16) cveevecerencrcocncas -65.05 (11-20)
XC X-Coordinate of Cel1(17) cevieieoncesccannnes -26.16 (1-10)
YC Y-Coordinate of Cel1(17) ceeveririecneneennnans -72.83 (11-20)
XC X-Coordinate of Cell(18) ..iviivrnercesaanens -18.38 1-10)
YC Y-Coordinate of Cel1(18) cvvveerrnercesannnns -80.61 (11-20)
Card 5:

NWD Number of Representative Wind Directions..... 3 (1-3)
USERWD(1) First Wind Direction (degrees east of north). 135.0 (4-13).
USERWD(2) Section Wind Direction (degrees east of north) 0.0 (14-23).
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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)
IWEQN(3)
IWEQN(4)
IWEQN(5)
IWEQN(6)
IWEQN(7)
IWEQN(8)
IWEQN(9)
IWEQN(10)
IWEQN(11)
IWEQN(12)
IWEQN(13)
IWEQN(14)
IWEQN(15)
IWEQN(16)

Card 7:
TWRADM
DA
DB

Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind
Wind

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

Sector 1l.........
Sector 2eeeeeceans

Sector 8...... coe
Sector 9......c..
Sector 10........
Sector 1l........
Sector 12........
Sector 13........
Sector 14........
Sector 15........
Sector 16........

(Omitted for natural draft cooling tower)

oooooooooooooooooo
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45.0
Blank
Blank

o TN 0 W [ N et e = [N W W W N

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

(1-3).

(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).



THTWR(1)
THTWR(2)
THTWR(3)
THTWR(4)
Card 8:
XTWR

YTWR

XTWR
YTWR

Table 3-3 (Continued)

LMDCT Long Axis Direction (degrees east

0T o To ) o o 1 1y 135.0
LMDCT Long Axis Direction (degrees east of

north)..... Ceccseececestassessececesansanns 135.0
LMDCT Long Axis Direction (degrees east of

1270}t ] o ) U Blank
LMDCT Long Axis Direction (degrees east of

570 o 4 11 T AR Blank

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

X-Coordinate of Tower Housing Center (m)..... 49.5
Y-Coordinate of Tower Housing Center (m)..... 49.5
X-Coordinate of Tower Housing Center (m)..... -49.5
Y-Coordinate of Tower Housing Center (m)..... -49.5

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

Card P1:
CH
CL
CW

Card P2:
XPLAT
YPLAT

Wake Height Scale (M)..eeceecrecnncnanns ceeas N/A
Wake Length Scale (M)eveeeeiceecrennecnancaes N/A
Wake Width Scale (M).eeviirecriereeceencannes N/A
X-Coordinate of Plate (M).eeeeereeeenencncnans N/A
Y-Coordinate of Plate (M)ecevereeveancenasans N/A
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(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).



Card P3:
SPAN
CHORD

Card 1D:
DLABEL

Card 2D:
NDROPS
DRIFTR
CWSC

SDENS

Card 3D:

DROPS
MASFRAC

DRPCON

Table 3-3 (Continued)

Span of Plate (M)eeeceeneeoeensannccocaananes

Chord of Plate (M)eeeeeeeennnccrerconcncnsnns

These Cards are Required Since NDRIFT = 1.

Drift Label: Linear Mechanical Draft Cooling

Tower Example --Typical Drift Emission

Spectrum

Number of Drop SizeS.eeieeeeccacrccceasancsss
Drift Rate (g/S)eeeececcecancrccscscscccnccns
Cooling Water Salt Concentration (g salt/

g SOTULTON.esteeeceosctncsasccnsncssocnnses

Salt Density (g/cm

(One card for each drop bin):

Ith Range in Drop Diameter (um).....

ooooooooooooooooooooooooo

Fraction of Mass Emission Rate in that

Fraction of Salt in I'th Drop (g salt/
g solution) (0.0 Defaults to CWSC)

10.0
20.0
30.0
40.0
50.0
60.0
70.0
90.0
110.0
130.0
150.0

0.0

0.0053
0.0430
0.0741
0.0651
0.0548
0.0351
0.0326
0.0178
0.0095
0.0076

3-14

see below

see below

0.0

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

(1-2).
(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:
NSEASN
MM

Card 2:
SEASON

Card 3:
NHOURS
IREC1
IREC2
IYEARL
IYEAR2
Jb1
Jb2
THOUR1
IHOUR2

Table 3-4. TABLES input form -- Mechanical-Draft
Cooling Tower Case Study

Number of SeasonS.....cieeeceeecrececcnanenns
Number of Shadowing Sector Partitions........

SEASON NAME. v eeersnosecocosscccaasssscssssses Winter

Blank (for defaults)

Number of Hours in Season....c.cceeeceecccess Blank
First Record in Season.....ccceeevscccccccccas Blank
Last Record in SeasON.c.cceesccecscecsccecses Blank
First Year in SeasOn..eeccecccecesccsecnccnns Blank
Last Year in S@aS0N..c.cceececccaconssecnnsans Blank
First Day in Season....ceececececacscscscaccss Blank
Last Day in SeasONeeceecessesceccoccsnsacenns Blank
First Hour in Season......ceceeccccccccccsnss ' Blank
Last Hour in Season........ tesecsssesecscesns Blank

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

Spring

Blank
Summer
Blank

Fall
Blank
Annual
Blank

3-16

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).



Table 3-4 (Continued)

Card 4:

RSTAR Effective Radius of Combined Plume
SoUrCeS (M) ieeerevencsasoncacacsasonsnns

Card 5:

NXL Number of Length DivisionS......ceecee....
(Blank Field Defaults to 100)

NXH Number of Height DivisionS...ceceecenncces
(Blank Field Defaults to 100)

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

NXS Number of Shadowing RadialS..ccceeececcsns
(Blank Field Defaults to 40)

NXD Number of Drift RadialSeeceeeececcecconans

(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).
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Table 3-5. PAGE PLOT input form -- Mechanical-Draft
Cooling Tower Case Study

Card 1: Supply 5 seasons x 9 tables/season = 45 blank cards for defaults
ISIZE Plot Size Identifier..ccceeeeeeeccceccccceenas Blank (1-3).
(1 = 21 Rows by 42 Columns
2 = 51 Rows by 102 Columns)
ISCALE Isoplot Length Scale.i.ecerercieceecennonannes Blank (4-6).
(Blank Field Defaults to 2)
(1 =-2kmto + 2 km
2 =-5kmto+ 5 km
3 =-10 km to +10 km
4 = -20 km to + 20 km)

CONT(1) First Contour Value....ccevenen ceeacscaccnsne Blank (7-16).
CONT(2) Second Contour ValuB...eeeeceveccvescscccness Blank (17-26).
CONT(3) Third Contour Value.i.eeeeeeovecsonocnss ceoes Blank (27-36).
CONT(4) Fourth Contour ValuB...eeeeceoescscconcnanans Blank (37-46).
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10000
18.38 80.61
26.16 72.83
33.9¢ 65.05
41.72 57.28
4%.50 49.50
57.27 41.72
65.05 33.96
72.83 26.16
80.61 18.38
-30.61 -18.33
-72.83 -26.16
-65.05 -33.94
-57.27 -41.72
-49.50 -49.50
-41.72 -57.28
-33.9% -65.05
-26.16 -72.83
-18.33 -80.61
3 135.
2 33
98.8
69.50 49.50
~49%.50 -49.50
LINEAR HMECHANICAL COOLING
31 171.36
10.0 0.0000
20.0 0.0053
30.0 0.0443
40.0 0.0741
50.0 0.0651
60.0 0.0543
70.0 0.0351
90.0 0.0326
110.0 0.0178
130.0 0.0095
150.0 0.0076
180.0 0.0110
210.0 0.0117
240.0 0.0132
270.0 0.0141
300.0 0.0182
350.0 0.0267
400.0 0.0233
450.0 0.0229
500.0 0.0151
600.0 0.0433
700.0 8.0351
800.0 0.0332
900.0 0.0273
1000.0 0.0171
1200.9 0.0319
16400.0 0.0332
1600.0 0.0643
1800.8 0.0221
2000.0 0.0307
2200.0 0.1540

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

LINEAR MECHANICAL DRAFT COOLING TOWER--DOUBLE LINE ARRAY CONFIGURATION

8760
42.0
16.9

112201

23.0
7

[

1.0
140

1
0.

316
10.0 .0
[ 13318.0

51 50 52 48 53 56 55 57 55 52 43 43
7.15 9.70 13.6316.3120.7823.1322.0420.3216.0611.085.57 5.43

LINEAR MECHANICAL DRAFT COOLING TOWER -- DgAL LINE ARRAY CONFIGURATION
2 1t 10

.805

0.0 18 0 2

0 0.0 .
3 211123332111

2.2 135.0 135.0

TOWER EXAMPLE -~ TYPICAL DRIFT DEPOSITION SPECTRUM
2.17

'l

.
[-X-F-F-3-I1-J-F-F-J-J-§_ ¥ _F_-J-¥_-Jy-¥y-y_-J-J-F-J-¥-Y-Y-F-y-¥-¥-¥-]
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30

NINTER

SPRING

SUMMER

FaLL

ANNUAL

0.
90000
10 5.00
10 80.0
10 0000
10 0000
10 0000
20 9000
29 0000
10 0000
10 0000
10 0000
10 0008
10 0000
20 0000
20 0000
10 0000
10 0000
10 0000
10 9000
10 0000
20 4000
20 6000
10 0000
10 0000
10 g000
10 0000
10 6200
20 0000
20 0000
10 10.0
10 200.
10 0000
10 0g00
10 0800
20 0000
20 00s0

B 2Ty

Table 3-6 (Continued)
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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

EPRI SEASONAL/ANNUAL TABLES PROGRAM, VERSION 0%-01-36
LINEAR MECHANICAL DRAFT COOULING TOWER -- DUAL LINE ARRAY CONFIGURATION

SUMMARY OF PLUME PREDICTIONS WHEN WIND IS FROM 0.0 DEGREES EAST OF NORTH

CAT NO. PLUME LENGTH PLUME HEIGHT PLUME RADIUS
1 12.60 14.6 6.10
12 13.30 13.7 6.30
13 16.80 18.5 6.60
1% 12.20 8.0 5.00
15 23.90 16.5 8.10
16 22.50 18.4 11.00
17 23.20 17.6 11.400
13 28.80 18.1 12.50
19 32.20 21.9 13.90
20 32.00 22.1 14.00
21 45.50 28.9 17.80
22 299.20 105.4 37.90
23 305.20 115.3 39.50
2% 357.00 115.2 66.40
25 442.10 147.9 52.80
26 519.40 167.2 52.70
27 609.40 208.0 62.10
28 778.40 252.4 66.10
29 4319.70 756.9 168.40
30 4221.50 737.2 167.50
31 4020.30 725.5 199.50
32 3218.20 659.5 185.70
3 4423.80 739.0 224.50
34 3823.90 689.4 210.20
35 3527.60 645.0 213.10
36 3824.00 686.3 236.80
37 2523.10 570.5 202.50
33 2796.20 534.1 197.90
39 2329.28 187.2 122.50
40 8153.00 713.9 257.80
41 9988.70+ 427.5+ 190.60+

*® A PLUS SIGN INDICATES THAT THE VISIBLE PLUME DID NOT END HITHIN A CENTERLINE DISTANCE 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 SEASONAL/ANNUAL TABLES PROGRAM, VERSION 09-01-36
LINEAR MECHANICAL DRAFT COOLING TOWER -- DUAL LINE ARRAY CONFIGURATION

SUMMARY OF PLUME PREDICTIONS WHEN WIND IS FROM 65.0 DEGREES EAST OF NORTH

CAT NO. PLUME LENGTH PLUME HEIGHT PLUME RADIUS
11 51.20 37.3 19.90
12 53.50 33.4 19.50
13 55.30 47.4 20.20
14 71.60 19.4 18.20
15 129.20 49.5 25.70
16 142.90 68.3 30.10
” 154.00 68.9 31.20
18 236.00 77.1 29.60
19 221.80 86.7 32.80
20 258.60 102.3 36.50
21 308.50 111.7 62.60
2 400.50 120.1 45.70
23 405.90 135.7 47.80
2% 502.80 143.8 50.88
25 572.80 170.6 56.20
26 668.60 197.9 58.50
27 760.00 239.2 63.70
28 1051.10 308.1 69.50
29 4525.40 751.7 157.00
30 4527.00 739.0 165.30
31 4224.70 727.1 195.20
32 3322.10 659.3 181.10
33 4629.20 736.6 213.80
34 3927.60 637.% 204.30
35 3632.10 640.9 203.00
36 3928.10 634.6 225.10
37 2626.50 569.9 200.40
B3 2903.00 531.6 193.60
39 2647.20 161.5 114.30
40 3456.20 712.2 259.60
41 9991.80+ 376.1+ - 190.50+

# A PLUS SIGN INDICATES THAT THE VISIBLE PLUME DID NOT END WITHIN A CENTERLINE DISTANCE OF 10000.0 METERS
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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 1ine)

EPRI SEASONAL/ANNUAL TABLES PROGRAM, VERSION 09-01-86
LINEAR MECHANICAL DRAFT COOLING TOWER -~ DUAL LINE ARRAY CONFIGURATION

SUMMARY OF PLUME PREDICTIONS WHEN WIND IS FROM 135.0 DEGREES EAST OF NORTH

CAT NO. PLUME LENGTH PLUME HEIGHT PLUME RADIUS
1 17.50 16.5 5.90
12 18.40 15.4 6.10
13 15.20 18.2 6.40
1% 27.20 1.3 6.10
15 15.20 12.1 7.28
16 27.90 19.5 3.60
17 28.50 18.7 11.60
18 29.10 18.1 10.90
19 37.60 22.7 13.10
20 37.40 23.1 14.60
21 60.50 33.1 17.30
22 202.10 83.7 25.80
23 226.80 99.6 28.00
2% 298.10 112.0 30.90
25 352.80 133.5 34.20
26 428.50 159.3 50.40
27 335.10 198.5 58.10
28 704.40 244.7 62.60
23 927.70 279.6 67.60
30 4118.40 740.6 166.50
31 3917.20 729.2 198.80
32 3117.70 658.4 185.80
33 4221.50 733.4 215.70
34 3619.40 693.7 208.20
35 3425.30 646.2 210.60
36 3621.40 685.9 228.00
37 2522.90 572.9 207.20
3 2899.80 533.4 247.10
33 2237.70 170.1 113.70
40 8153.20 713.6 292.30
41 9985.90+ 6479.0+ | 187.60+

# A PLUS SIGN INDICATES THAT THE VISIBLE PLUME DID NOT END WITHIN A CENTERLINE DISTANCE OF 10000.0 METERS
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Frequency of occurrence of 30 categories with

wind direction for Case Study 1 -- one year of data

Table 3-10.

FrIvven

* FREQUENCY PERCENTAGE BY CATEGORY AND WIND DIRECTION

LINEAR MECHANICAL DRAFT COOLING TOWER -- DUAL LINE ARRAY CONFIGURATION

SEASON:

HWIND FROM
* PLUME HEADED

HE N NM

HINTER

W N NN

H

NNE NE ENE

N

CATEGORY

NUMBER

SE SSE SuM

ESE

ENE

NNE

N

W

SSH  SH  KeH

ccoeoar-38RNSRRNELRRNSRRYBASEEENY

00000010100031111123233‘6453870

n MO~

no00oouoouuooooooonouooooooooou

n ninn n nn_ oo
L e e L L L L e L L L L L ]

ooouoooonoooooooouoooouooooaooo

mn
nonuuo oouuoouoooaononuuooo ooo

nooouooonoonnoooouooooooononono

o iy SN 9
ouounoounoono-louoouoooouooog u
. .

ouoooooooooouoouoooooaooooooano
[l -]
ooooouooooouuoouonoounooono..looo

.
nooooouooouoooo0000000001002010

3.62 8.25 20.33 12.65 4.11 2.27 2.69 5.67 7.70 7.56 12.73 5.73 2.04 0.73 0.60 0.77 97.45

mme

oouooonoo0000000000000000001010
oGO 933

0000oouoouo00000000000000002010

000000008 MWMWUW”OO.A 4729%%260

oooo000000000000000000000001oou

oooo00000000000000000000.0001oﬂvo

s e s . . .

n00oooouooouounuuonooouunnooono

=3

ooonooounoououo0000000000001000

9 o L4 1
»
oouooooooouooooooooooooouoo&-ouo 1

ooooooouooo00000000000000009200
o
oooonoooo0000000000000000003100

o~
)

00000ouoooo00000000000000001000

v
-l
=X
FNREret e SRNRSORRRRBHARSNSERSET §

3-24



Table 3-11. Summary of statistics on meteorological data
needed for application of Appendix D on complex terrain

STABILITY CLASS BY WIND DIRECTION *
LINEAR MECHANICAL DRAFT COOLING TOHER -- DUAL LINE ARRAY CONFIGURATION

SEASON=RINTER
* WIND FROM kel

STABILITY N NNE NE  ENE E ESE SE SSE S SSH SW  WSH H WNR N NNW
CLASS e % PLUME HEADED * * *
S SSW SWH  HSW W W Nd NN N NNE NE ENE E ESE SE SSE STAS.
1 ¢g.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 00 0.0 0.0 0.0 0.9 0.0
2 9.0 0.01 0.01 0.00 0.04 0.0 ©0.02 0.02 0.01 0.01 0.00 0.0 0.0 0.0 0.0 0.06 O0.0%
3 0.06 0.11 6.10 0.04 0.07 0.16 0.03 0.03 0.08 0.03 0.04 0.02 0.02 0.17 0.08 06.13 0.07
4 8.39 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 0.25 0.21 0.12 0.27 0.32 0.53 6.23 0.1% 0.10
6 .18 0.19 0.15 6.16 0.17 0.1% 0.17 0.10 0.07 0.3 0.05 0.12 .13 0.03 0.33 0.25 0.49
7 0.0 0.03 0.01 0.01 0.05 0.0 0.02 0.01 0.01 0.02 0.02 0.0 0.0 0.08 0.0 0.0 0.08

HeoRaaaHG00eet WIND SPEED DISTRIBUTION BY DIRECTION AT REFERENCE HEIGHT OF 200. METERS HHHHHHHHHHENHE
LINEAR MECHANICAL DRAFT COOLING TOWER -- DUAL LINE ARRAY CONFIGURATION
SEASON=HINTER

% dade % WIND FROM "
WIND N NNE NE ENE E ESE SE  SSE S SSH SH  WSH W N NW{  NNW
RANGE PLUME HEADED *
S SSH SW  KWSH H WNH NH NNW N NNE NE ENE E ESE SE  SSE STAG.
1 8.03 0.01 0.00 0.01 0.05 0.02 0.0 0.02 0.01 0.01 0.0 0.0 0.02 0.17 0.08 0.06 1.00
2 0.86 0.77 0.48 0.43 0.71 0.60 0.60 0.38 0.40 0.23 0.19 0.30 0.55 0.58 0.385 0.69 0.0
3 0.11 0.23 0.52 0.56 0.24 0.37 0.40 0.60 0.60 0.75 08.31 0.70 0.43 0.25 0.8 0.25 0.0
COMBINED FACTORS BY WIND DIRECTION HEHHEEHEHHEOHERERHE
LINEAR MECHANICAL DRAFT COOLING TOWER -~ DUAL LINE ARRAY CONFIGURATION
SEASON=WINTER
* olaiaieid %% HIND FROM todad
COMBINED N NNE NE  ENE E ESE SE  SSE S SSH SH  HSH W WNH Nd NNH
CLASS* ook PLUME HEADED FEIEHIIIN FEH I
S SSH SH  HSH H N Nd NNW N NNE NE ENE E ESE SE SSE STAG.

1 0.00 0.00 0.00 0.00 0.61 6.00 0.0 0.00 0.00 0.00 0.0 0.0 0.00 0.03 0.01 0.01 0.1
2 8.05 0.09 0.05 0.02 0.08 0.10 0.03 0.02 0.03 0.0t 0.01 0.00 0.01 0.16 0.07 0.13 .
3 .01 Q.03 0.06 0.02 0.03 0.06 ¢.02 0.03 0.05 0.03 0.03 0.01 0.01 0.04 0.01 0.05 0.0
4 0.02 0.0¢ 0.06 0.01 0.03 ©6.02 0.0 0.02 0.01 0.01 8.0 0.0 0.02 0.11 0.04 0.0¢ 0.32
5 0.65 0.51 0.35 0.3%4 0.48 0.42 0.46 0.32 0.33 0.21 0.17 0.26 0.43 0.39 0.46 06.39 0.0
6 0.0% 0.15 0.37 0.44 0.16 0.26 ©6.30 0.50 0.50 0.68 0.72 0.60 0.3¢ 0.17 0.04 0.14 0.0
7 0.01 0.08 9.00 0.00 ©.01 0.00 0.0 0.00 0.00 0.00 0.0 0.0 0.00 0.03 0.03 0.02 0.57
-] .16 0.17 0.08 0.07 0.15 0.03 0.11 0.04 ¢.03 0.0t 0.01 0.04 0.10 0.10 0.33 0.17 0.0
9 0.02 0.05 0.08 0.09 0.05 0.05 0.08 0.07 0.05 0.04 0.05 0.09 0.08 0.04 0.03 0.06 0.0

# COMBINED CLASSES ARE DEFINED AS FOLLOWS:
1=UNSTABLE, LOW WIND 2=UNSTABLE, MODERATE WIND 3=UNSTABLE, HIGH WIND
G=NEUTRAL, LOW HIND 5=NEUTRAL MODERATE HIND  6=NEUTRAL, HIEH WIND
7=STABLE, LOW RIND 8=STABLE, MODERATE WIND  9=STABLE, HIGH WIND
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.

NE
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PLUME HEADED
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B N NN

PLUME LENGTH FREQUENCY TABLE

LINEAR MECHANICAL DRAFT COOLING TOWER -~ DUAL LINE ARRAY CONFISURATION

Frequency of occurrence of plume length
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with distance and direct
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(Continued)
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PLUME LENGTH FREQUENCY TABLE
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Total solar energy loss at a given distance

Table 3-14.

and direction due to plume shadow -- winter season

TOTAL SOLAR ENERGY LOUSS TABLE (MJ/Mw=2)

LINEAR MECHANICAL DRAFT COOLING TOWER ~- DUAL LINE ARRAY CONFIGURATION
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Salt drift deposition as a function

of distance and direction -- winter season
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Hours of plume fogging as a function of direction

from the tower and distance -- winter season

Table 3-18.
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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

(frequency of occurrence of visible plume).
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Figure 3-3. Isopleth plot of results presented in Table 3-13
(hours of shadowing).
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Figure 3-4. Isopleth plot of results presented in Table 3-14
(total solar energy loss due to plume shadowing).
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Figure 3-5. Isopleth plot of results presented in Table 3-15

(percent energy loss due to plume shadowing).
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Figure 3-6. Isopleth plot of results presented in Table 3-16
(percent energy loss of direct [beam] energy due
to plume shadowing).
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Figure 3-9. Isopleth plot of results presented in Table 3-19
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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 taken 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
counterclockwise from north along a line joining NNW and SSE.

The PREPROCESSOR 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 kg/s.

The example site is geographically located near Chicago at latitude 42 degrees
north and longitude 88 degrees west and the available meteorological tape
represents one year of data consisting of 8760 hourly records in the format of
a CD144 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 6 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 centerline
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 no
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 subsequent 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 g/cm3. 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 1list 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

Drop 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
90 - 110 0.0674
110 - 130 0.0592
130 - 150 0.0537
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
500 - 600 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 N§C1/g solution
Density of dry salt 2.17 g/cm
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Card 1:

ITITLE

Card 2:

ISTOP
ISKIP
Iout
IMIX
IUR
IWIND

NFOG
NDRIFT
ITOWER

ITAPE

IZONE

Card 3:

ALAT
ALONG
ROUGHT
HREF
HTMIX

Table 3-21.

Cooling Tower Case Study

TITLE: Natural Draft Cooling Tower

with CD144 Met Tap€.ceeercencanaanns
Number of Records Read (0 = A11).eeireececns 8760
Skip Control (1 = No Skip, 2 = Every Other) 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)eeeveecennens 0 _(N/A)
Fog Calculations ? (0 = No, 1 = Yes)..een.n. 0
Drift Calculations ? (0 = No, 1 = Yes)...... 1
Type of Tower (1 = NDCT, 2 = CMDCT,

3 = IMDCT)eeeeenncnsocececnecsosenosansnas 1
Type of Tape (1 = CD-144, 2 = NRC,

3 = TDF-14)ueuieirenececceconssanacsccncnans 1
Time Zone (5 = Eastern, 6 = Central,

7 = Mountain, 8 = Pacific)eeeccceeccncanss 6
Site Latitude in Degrees North Latitude..... 42
Site Longitude in Degrees West Longitude.... 88
Roughness Height (cm).cceceeeenns cecececaces 1.0
Reference Height of Met Tape (m)....... .eees _10.0

Annual Average Mixing Height (m)

(Only if IMIX = 1) ccvunennnn.. tecsscsccas 1113.0
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PREPROCESSOR Model input form - Natural-Draft

Columns

(1-80).

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

Card 6:

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

Table 3-21 (Continued)

Tower Effective Height (M)eveeerinceeeecnnns 124.0
Tower Effective Exit Diameter (m).eeceeenan. 113.76
Tower Effective Heat Rejection (MW)......... 3648.0
Tower Effective Air Flow (kg/S)eeeeeeeecenn. 55000.0
January Clearness IndexX...ceeeeeeenccannenes 51
February Clearness IndeX...eeeeeecoececccenns 50
March Clearness IndeX....cceeeeeeecenneccenns 52
April Clearness IndeX...ceeeecocses cssccssss 48
May Clearness IndeX...c.eeeeeeeecscecssnccsans 53
June Clearness IndeX.eeeeeeerceceenceccncnes 56
July Clearness IndeX..ceeeecieeaceosccsonnans 55
August Clearness IndeX...ceeeveeeeecccennens 57
September Clearness IndeX...eceveessceceaass 55
October Clearness IndeX...eeeeescesesoecsons 52
November Clearness IndeX....c.eeeeeeeccscess 43
December Clearness IndeX....eeeeeeeeceescens 43
January Daily Solar Insolation (mj/mz) ...... 7.15
February Daily Solar Insclation (mj/mz) ..... 9.70
March Daily Solar Insolation (mj/m2)........ 13.63
April Daily Solar Insolation (mj/mz) ........ 16.31
May Daily Solar Insolation (mj/mz). ......... 20.78
June Daily Solar Insolation (mj/m2)......... 23.13
July Daily Solar Insolation (mj/m)......... 22.04
August Daily Solar Insolation (mj/m%)....... 20.32

September Daily Solar Insolation (mj/mz).... 16.06
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(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 (mj/mz) ...... 11.08 (46-50).
HAVG(11) November Daily Solar Insolation (mj/mz) ..... 6.57 (51-55).
HAVG(12) December Daily Solar Insolation (mj/mz) ..... 5.48 (56-60).
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Card 1:

ALABEL

Card 2:

IouT

NFOG

NDRIFT

NFRAD
SMAXP
SMAXF
NPORTS
NUSER

NTWRS

ISOURC

Table 3-22. PLUME Model input form - Natural-Draft
Cooling Tower Case Study

General Heading: Natural-Draft Cooling Tower
With CD-144 Met Tap€.ecceeececccocasacncnns

Output Control SwitCheseeeeeereseenossseanes 2
(0 = Plume Variables Only,
1 = Plume Variables and Tower Conditions,
2 = Only Label and Input Constants)
Fogging/Icing Control Switch.e.eeeeeeeeensns 0

(0 = No Fogging, 1 = Run Fogging Cases)

Number of Drift Cases (0 = No Drift,

1 = RUN Drift)eeeceececneeneccscescnannnns 1
Number of Fogging/Icing RadialS.....c..cv.... Blank
Maximum Distance for Plume Calculations (m) 10000.0

Maximum Distance for Fogging Calculations (m) Blank
Number of Source Output Ports (Towers)...... 3

Number of User-Specified Plates for
Wake Entrainmment....ciciieenniecncnccencnnes 0-
Number of Tower Housings (Leave Blank

T NDCT ) eeenneenienecnencecennnocecannnss Blank

Effective Source Mode Switch (0 = Multiple

Mode, 1 = Effective Source)..eeev... cesenae 0

(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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Card 3:

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)eievieeeeoenennnsns N/A
Second Radial Distance (km)..ieeereececccnnn N/A
Third Radial Distance (km)....vceeeecececenn N/A
Fourth Radial Distance (km).ceeeeceoeeennnns N/A
Fifth Radial Distance (km)..eeveeecvoncenenns N/A
Sixth Radial Distance (kM)eeeeeeeeoneocenens N/A
Seventh Radial Distance (km)...cceveeeecnsn. N/A
Eighth Radial Distance (km)..eeceoeoeeennnns N/A

(Repeated once for each tower)

X-Coordinate of Tower (1).icverececececennnn -54.2
Y-Coordinate of Tower (1)..cececceccecccenss 179.5
X-Coordinate of Tower (2).ecviececcceccccnss 0.0
Y-Coordinate of Tower (2).ececicecceccscnass 0.0
X-Coordinate of Tower (3).eeeeecececceaceans 96.1

Y-Coordinate of Tower (3).ececeenccccccacass -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:

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

Card 7:
TWRADM
DA

DB
THTWR(1)
THTWR(2)

THTWR(3)

THTWR(4)

Table 3-22 (Continued)

Wind Equivalence Number for Sector 1l........ 2
Wind Equivalence Number for Sector Z2........ 2
Wind Equivalence Number for Sector 3........ 3
Wind Equivalence Number for Sector 4........ 4
Wind Equivalence Number for Sector 5........ 3
Wind Equivalence Number for Sector 6........ 2
Wind Equivalence Number for Sector 7........ 2
Wind Equivalence Number for Sector 8........ 1
Wind Equivalence Number for Sector 9........ 2
Wind Equivalence Number for Sector 10....... 2
Wind Equivalence Number for Sector 1ll....... 3
Wind Equivalence Number for Sector 12....... 3
Wind Equivalence Number for Sector 13....... 3
Wind Equivalence Number for Sector 14....... 2
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).c.eeceeeeonense N/A
Length of LMDCT Housing (M).eeececeeeceannns N/A
Width of LMDCT Housing (m)..ececesccvcccanss N/A
LMDCT Long Axis Direction 0.0 (degrees east

Of NOTth)eueeeruenreroneeansceocascacanans N/A
LMDCT Long Axis Direction (degrees east of

470} o 4 11 1 N/A
LMDCT Long Axis Direction (degrees east of

north)eeeeeeneens P P PR ETET PRI RPY N/A
LMDCT Long Axis Direction (degrees east of

north)eeeeveeneens. Ceseccessesscsssresanna N/A
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(1-3).

(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).... N/A (1-10).
YTWR Y-Coordinate of Tower Housing Center (m).... N/A (11-20).

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

Card Pl:

CH Wake Height Scale (m).c.eceven... crerescsenaas N/A (1-8).
CL Wake Length Scale (M)eceeeeeverncansocncanns N/A (9-16).
CW Wake Width Scale (M)eeeeveriennencnncecanans N/A (17-24).
Card P2:

XPLAT X-Coordinate of Plate (M).eeveceeccececcanns N/A (1-10).
YPLAT Y-Coordinate of Plate (M)..eeeeenvcecececans N/A (11-20).
Card P3:

SPAN Span of Plate (M)eeeeeeececceecrecanccncncns N/A (1-10).
CHORD Chord of Plate (M)ececeeeeeecncceecnsacocess N/A (11-20).

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

DLABEL Drift Label: Typical Natural Draft Cooling
Tower Drift Emission Spectrum
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Card 2D:
NDROPS
DRIFTR
CWSC
SDENS

Card 3D:

DROPS
MASFRAC

DRPCON

Table 3-22 (Continued)

Number of Drop SizeS.ieeeiiiriricrensncennnns 30
Drift Rate (g/S)ecverecrceccnsnccnsnncosesns 283.38
Cooling Water Salt Concentration (g salt/

g/SOTULTON. eaetecenvtsassocsossssasassnas 0.005
Salt Density (g/cm3) ........................ 2.17

(One card for each drop bin):

I'th Range in Drop Diameter (um)..ccceeeecn. see below
Fraction of Mass Emission Rate in that
RANGE..ceeriosccsescsescscssccsssascassons see below
Fraction of Salt in I'th Drop (g salt/
g solution) (0.0 Defaults to CWSC)........ 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
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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(1-2).
(3-12).

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

(1-10).

(11-20).

(21-30).



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
IREC2
IYEAR]
IYEAR2
Jbl
Jb2
IHOUR1
IHOURZ2

...Repeat format of Cards 2 and 3 for each of the other 4 seasons:

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

Number of SeasonS......ceeeeeeecnenccnsennes 5
Number of Shadowing Sector Partitions.......
Season NamMe..eeeeeceseescsacssesossssccncane Winter

Blank (for defaults)

Number of Hours in Season...... ceseessessans Blank
First Record in SeasON...ccceecccscscccscsses Blank
Second Record in SEaSON..ciecccceccccccsnnss Blank
First Year in SeasOnN..ccecceeccececcccsscanes Blank
Last Year in SeasOn.....c.cceceeeccccacccneaes Blank
First Day in SeasON..eiceeecececnsccsccccccsas Blank
Last Day in SeasoNe.ceeeecesececesccoascncns Blank
First Hour in Season....ccciececcerccncanaass Blank
Last Hour in Season......... cessscsssecssons Blank

3-57

(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).



Table 3-23 (Continued)

Card 4:

RSTAR 1-1 Effective Radius of Combined Plume
SOUrCES (M) eveeeeoececessassnsacoscncscoas Blank (46-55).

Card 5:

NXL Number of Length DivisionS....eeeeeececeaess Blank (1-3).
(Blank Field Defaults to 100)

NXH Number of Height DivisionS...ccececececeecsn Blank (4-6).
(Blank Field Defaults to 100)

NXR Number of Radial DivisionS....ciceeceeennces Blank (7-9).
(Blank Field Defaults to 100)

NXS Number of Shadowing RadialS...eceeceececncnss Blank (10-12).
(Blank Field Defaults to 40)

NXD Number of Drift Radials.eeceeececcccscaccees Blank (13-15).

(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 if 10F8.0.
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Table 3-24 PAGE PLOT input form - Natural-Draft

Cooling Tower Case Study

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

ISIZE Plot Size Identifierieeeeeeeceeeecccosocnces

(1 = 21 Rows by 42 Columns
2 = 51 Rows by 1-2 Columns)

ISCALE Isopiot Length Scale@eeeeeeececensecccscccans

(Blank Field Defaults to 2)
(1 = m-2 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 ValuB..eeeeeeoescececcancennns
CONT(2) Second Contour Value..eeeeceesscrecaceaceans
CONT(3) Third Contour Valu€..i.eseeeierencosoncananss
CONT(4) Fourth Contour Value...iceeveeeeaccvonccncnn
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Table 3-25. Listing of input files for PREPROCESSOR,
TABLES, and PAGEPLOT codes for Case Study 2

NATURAL DRAFT COOLING TOWER EXAMPLE USING CD144 MET TAPE
3760 1112001116

42.08 3.9 1.0 10.0 1113.0

124.0 113.76 3648.0 55000.0

51 50 52 48 53 56 55 57 55 52 43 43

7.15 9.70 13.6316.3120.7323.1322.0420.3216.0611.036.57 5.48

NATURAL DRAFT COOLING TOWER EXANPLE USING CD144 MET TAPE
2 01 0 10000.0 8.0 3 00 00

-54.2 179.5

0.0 9.9

96.1 -161.3
3 157.5 11.25 67.5
2 23 3 3 22122333221
TYPICAL NATURAL DRAFT COOLING TOWER DRIFT SPECTRUM
30 233.38 .005 2.7

10. .0000 .0

30. .1875 .0

50. .1310 .0

70. .1013 .0

90. .07%34 .0

110, .0674 .0

130. .05%2 .0

150. .0537 .0

180. .0642 .0

210. .0493 .0

240. .0337 .0

270. .0218 .0

300. .0137 .0

350. .0142 .0

400. .0105 .8

450. .0086 .0

500. .0076 .0

600. .0127 .0

700. .0107 .0

300. .0030 .9

900. .0063 .0

1600. .0053 .0

1100. .0019 .0

1200. .0007 .0

1300. .0005 .0

1400. .0003 .0

1500. .0002 .0

1606. .0001 .0

1700. .0001 .0

1800. .0001 .8
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Table 3-25 (Continued)

50
HINTER
335 59
SPRING
68 151
SUFMER
152 243
FALL
264 334
ANHUAL
: [ [
0.0
0 0QCcO0GQC
9. ..5.00 2.90 1.00 0.50
1 80.0 50.0 30.9 20.0
10 0009 0000 0000 0000
10 0000 0000 0000 0000
10 0000 2009 0000 0000
20 9000 Q000 0000 0000 -~
20 0000 0000 0000 0000
10 8000 9000 0000 9000
10 ] ] 8008 go0g 4000
10 0008 0000 0000 0000
10 c0go 9000 0009 0000
10 0000 0600 0800 ac00
20 9000 0008 0000 0000
20 900 2000 8000 0000
10 0000 g000 0000 aoc0
10 0000 000 0000 9000
10 8000 0000 0000 2000
10 0000 0000 0000 0000
10 0008 0000 0000 0000
20 000 gooo 9000 aoc0
20 8000 0000 0600 8000
10 600 0000 0000 0000
10 0000 0000 0000 0000
10 0000 0000 0000 0000
10 0000 8000 0000 0000
10 0000 0000 6000 0000
20 0000 ggooe 0000 0000
20 0000 0s00 0000 0000
10 10.0 5.0 2.0 0.50
10 200. 100. 50. .
10 0a00 a000 0000 0000
10 0000 0000 0000 0000
10 ooge 0000 0000 0000
20 0000 0000 0000 0000
29 gooe aco0 ac00 0000
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Table ?—?6. Summary output of PLUME code providing listing
of visible ?1ume length, rise, and final visible radius
for wind direction of 15° to line of towers

EFRI SEASOHAL/ANNUAL TABLES PROGRAM, VERSION 09-01-86
NATURAL DRAFT COCLING TOWER EXAMPLE USING CD144 MET TAPE

SUMMARY OF PLUME PREDICTIONS WHEN WIND IS FROM 11.3 DEGREES EAST OF NORTH

CAT NO. PLUME LENGTH PLUHE HEIGHT PLUME RADIUS
1 119.80 119.4 37.30
2 166.70 89.5 33.70
3 183.20 78.1 31.00
4 137.10 58.7 29.70
5 222.50 55.9 26.80
6 433.10 -0.3 32.90
7 254.50 48.5 25.20
3 193.80 227.0 55.10
9 281.50 208.2 56.70
10 557.50 252.1 82.50
1 624.80 161.2 72.00
12 659.60 209.0 81.70
13 746.60 186.8 81.40
14 839.70 221.2 87.90
15 988.30 266.% 92.30
16 1182.90 288.6 99.90
17 6001.50 1008.1 296.60
18 6711.90 1008.5 316.60
19 7015.90 1008.2 366.80

20 5797.70 1005.1 378.00
21 6204.20 1007.2 373.70
22 6002.80 1003.5 421.10
23 6101.80 1008.5 443. 10
24 6510.10 1006.8 425.10
25 5594.70 1009.9 446 .00
26 9785.80 1024.5 505.90
27 9889.60+ 10264.6+ 477.20+
28 9387.80+ 1029.5+ 510.10+
29 9882.40+ 1028.3+ 680.90+
T30 9868.90+ 1034.8+ 727.60+
31 9870.50¢ 1038. 1+ 727.00+
32 9865.10+ 1643.5+ 754.90+
33 9789.40+ 1059. 1+ 927.80+
34 9954.00+ 173.2¢+ 915.70+
35 9901.50+ 1055.6+ 602.30+

#* A PLUS SIGN INDICATES THAT THE VISIBLE PLUME DID NOT END WITHIN A CENTERLINE DISTANCE OF 10000.0 METERS
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Table 3-27. Summary of output of PLUME code providing listing
of visible plume length, rise, and final visible
radius for wind direction of 90° (crossflow)

EPRI SEASONAL/ANNUAL TABLES PROGRAM, VERSION 09-01-36
HATURAL DRAFT COOLING TOWER EXAMPLE USING CD144 MET TAPE

SUMMARY OF PLUME PREDICTIONS WHEN WIND IS FROM 67.5 DEGREES EAST OF NORTH

CAT NO. PLUME LENGTH PLUME HEIGHT PLUME RADIUS
1 119.80 119.4 37.30
2 166.70 89.% 33.70
3 183.20 78.0 31.00
4 137.10 58.7 29.70
5 212.70 53.8 26.80
6 408.30 4.3 26.60
7 244.60 47.2 25.20
8 226.80 257.2 82.00
9 259.10 210.8 63.10
10 319.50 158.9 48.20
1 382.20 113.1 41.70
12 421.40 147.8 47.00
13 504.50 133.6 46.50
1% 599.30 164.6 66.20
15 658.60 179.4 79.60
16 869.10 218.2 75.50
17 1210.40 289.0 108.80
18 6917.90 1008.4 352.40
19 7726.10 1002.3 322.90

20 6409.90 1004.5 354.00
21 6512.30 1003.0 415.00
22 6310.70 1005.7 464,40
23 6209.20 1005.6 465.70
24 7622.10 1003.8 407.80
25 5701.70 1008.0 430.00
26 9893.40+ 1026 .9+ 510.70+
27 9896.80+ 1026.3¢ 517.80+
28 9894.40+ 1031.7+ 552.70+
29 9889.70+ 1032.3¢+ 698.00+
30 9875.30+ 1037.8+ 751.70+
3 9877.00¢ 1041.2+ 745.60+
32 9871.10+ 1046.,2+ 755.80+
33 5802.90+ 1061. 1+ 960.30+
34 $965.00+ 136.2¢+ 893.40+
35 9903.70¢+ 1060.3+ 624.50+

% A PLUS SIGN INDICATES THAT THE VISIBLE PLUME DID NOT END WITHIN A CENTERLINE DISTANCE OF 10000.0 METERS

3-63



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/ANMUAL TABLES PROGRAM, VERSION 09-01-36
NATURAL DRAFT COOLING TOWER EXAMPLE USING CD14% MET TAPE

SUMMARY OF PLUME PREDICTIQNS WHEN WIND IS FROM 157.5 DEGREES EAST OF NORTH

CAT NO. PLUME LENGTH PLUME HEIGHT PLUME RADIUS
1 119.80 119.4 37.30
2 166.70 89.5 33.70
3 183.20 78.1 31.00
4 137.10 58.7 29.70
5 349.80 77.9 37.10
6 723.50 1.9 45.80
7 - 353.490 60.4 34.80
3 193.80 227.0 55.10
9 217.70 187.6 51.00
10 386.10 191.7 62.40
1 319.10 107.6 41.40
12 749.40 261.5 78.30
13 709.80 231.4 70.30
14 1152.30 313.9 87.60
15 1399.40 356.0 93.20
16 5697.40 1009.6 221.00
17 53%6.70 1009.4 256.30
18 6103.20 1008.5 271.60
19 5391.80 1012.9 303.10

20 5287.00 1009.4 341.40
21 4381.60 1014.0 331.40
22 4381.40 1013.2 382.80
23 4330.50 1012.9 388.30
24 4676.60 1016.4 377.00
25 8583.50 1015.5 602.80
26 8674.20 1022.3 422.90
27 9130.30 1022.1 433.70
28 9879.00 1023.7 461.40
29 9872.00+ 1028.0+ 633.40+
30 9856.10+ 1633.5+ 706.40+
31 9850.20+ 1036.8+ 693.40¢
32 9854.70+ 1061.6+ 705.70+
33 9777.00+ 1061.0+ 895.30+
34 9945.70+ 218.9+ 829.50+
35 9888.90+ 1058.3+ 590.50+

# A PLUS SIGN INDICATES THAT THE VISIBLE PLUME DID NOT END WITHIN A CENTERLINE DISTME OF 10006.0 METERS
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CATEGORY
NUMBER

QRNAVHUWN -

TOTALS

Table 3-29.

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

wuu% FREQUENCY PERCENTAGE BY CATEGORY AND WIND DIRECTION
NATURAL DRAFT COOLING TOWER EXAMPLE USING CD144 MET TAPE
SEASON=HINTER

»
»
»

TEIND  FROM 285636 3305636 36 36-96-96. 36 3¢ 50 38 30 363 3636 26 36-06.36-06-36 36 363636 36 36 9896 34 6 3630 36 06 30 30 06 34 3¢

N NNE NE ENE E ESE SE SSE S SSH SH  HSH H WHH HH NNW
* 43836 3¢ %3 PLUME HEADED 383656 36 2636 36 56 36 3636 36 3636 3630 3636 36 2006 36 36 36 36 38 36 2696 38 36 36 36 3F 36 26 3¢ 34 36 96 36 06 3 3¢
S SSH SH  HSH H WNH NH  NNW NNE NE ENE E ESE SE SSE SM
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
06.06 0.00 6.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 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 6.00 0.00 0.00 0.00 0.00
0.00 ©6.00 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0€.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 90.00 0.00 0.00 0.00 ©0.05 0.00 0.00 0.00 0.00 0.00 0.05
6.00 0.00 0.00 0.90 0.00 0.00 0.00 0.05 0.00 0.05 0.74 0.46 0.28 0.00 0.00 0.06 1.57
.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.060 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 0.06 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.2t §.00 0.2% 0.21 0.2t 0.80 0.00 0.2% 6.27 0.00 0.85 0.00 0.00 0.00 0.00 0.00 2.13
0.10 0.00 0.00 ©0.10 0.00 0.10 9.00 0.00 0.00 0.29 ©0.43 0.00 0.060 0.10 0.00 0.00 1.16
0.00 0.00 0.00 ©.00 0.11 0.22 0.00 0.11 0.43 0.11 ©6.22 0.00 0.00 0.00 0.00 0.11 1.30
0.00 0.00 06.05 0.05 0.05 0.00 0.00 0.05 0.10 0.05 0.25 0.10 0.05 0.00 0.00 0.00 0.74
0.00 0.09 0.05 0.05 0.05 0.00 0.5 0.05 0.09 0.00 ©.14 0.05 0.00 0.60 0.00 0.05 0.65
0.5 0.05 0.14 0.05 0.00 0.00 0.00 0.09 0.05 0.1% 0.51 0.05 0.00 0.00 0.00 0.00 1.11
0.3t 0.00 0.78 0.3t 0.00 0.16 ©0.00 0.16 0.31 0.3t 0.9 0.16 0.00 0.16 0.16 0.00 3.75
0.06 0.18 0.24 0.00 0.06 0.00 0.00 0.12 0.12 0.06 0.18 0.18 0.06 0.00 0.00 0.00 1.20
g.00 0.05 0.32 0.23 0.23 0.00 0.06 0.05 0.1 0.19 0.5 0.23 0.05 0.00 0.05 0.00 2.13
0.00 0.23 0.19 0.32 0.19 0.00 0.3 0.05 0.19 0.42 0.56 0.19 0.00 0.00 0.00 0.00 2.45
0.05 0.23 0.74 0.37 0.09 0.09 90.05 0.05 0.1¢ 0.28 0.32 0.14 0.06 0.00 0.09 0.05 2.69
0.05 0.42 0.65 0.69 0.09 0.1¢ 0.09 0.09 0.23 0.19 0.46 0.23 0.05 0.00 0.00 0.05 3.43
0.00 0.19 0.42 0.42 0.1 0.05 0.05 0.23 0.51 0.05 0.60 0.19 0.00 0.00 0.00 0.05 2.87
0.05 0.74¢ 1.06 0.46 0.32 0.05 0.09 0.23 0.1 0.37 0.51 0.37 0.05 0.00 0.05 0.00 4.49
0.14 0.28 0.74 0.7¢ 0.14 0.05 0.05 0.14 0.14 0.32 0.69 0.09 0.69 0.00 0.00 0.05 3.66
0.05 0.46 0.60 0.79 0.1% 0.1 0.1 0.42 0.28 0.46 0.46 0.23 0.00 0.00 0.00 0.00 4.17
0.05 0.23 0.93 0.51 0.23 0.09 0.19 0.42 0.56 0.65 ©0.60 0.19 0.09 0.00 0.05 0.00 4.77
6.19 0.32 0.74 0.42 8.19 0.1 0.1 0.09 0.51 0.56 0.60 0.05 0.05 0.00 0.05 0.05 4.07
0.09 0.37 1.02 0.60 0.23 0.19 0.19 0.46 06.79 0.69 0.8 0.42 0.05 0.1 0.00 0.09 6.20
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 5.42
0.28 0.60 1.31 0.69 0.28 0.19 0.09 0.32 0.56 0.32 0.56 0.23 0.19 0.05 0.00 0.09 6.25
0.28 0.19 1.76 0.60 0.23 0.05 0.19 0.19 0.56 0.23 0.69 0.32 0.37 0.05 0.19 0.09 5.97
0.23 0.56 1.39 0.7%4 0.19 0.19 0.42 0.23 0.19 0.37 0.32 0.23 0.05 0.05 0.00 0.00 5.14
1.39 2.08 4.21 3.06 0.7¢ 0.32 0.60 0.74 0.93 0.56 0.56 0.74 0.23 0.14 0.09 0.14 16.53
0.00 0.19 0.46 0.1% 0.05 0.00 0.05 0.00 0.05 0.00 ©6.05 0.19 0.00 6.00 0.00 0.00 1,20
0.00 0.14 0.60 0.42 0.00 0.09 0.19 0.09 0.37 0.19 0.46 0.46 0.09 0.00 0.00 0.00 3.10
3.74 8.00 20.17 12.52 4.0% 2.27 2.69 5.00 8.17 7.58 13.8% 5.81 2.04 0.72 0.71 0.30 98.19
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Table 3-30. Summary of statistics on meteorological data needed
for application of Appendix D on complex terrain

FHIEI DT 63696 36 30 960690 036 30 30 36 36 34 0 3¢ de i et 6 STABILITY CLASS BY WIND DIRECTION s * *
NATURAL DRAFT COOLING TOWER EXAMPLE USING CD144 MET TAPE
SEASON=HINTER

»* * ad fadadadadofobobolod bt B Lt 2 0] HIND FROM %% 3696636 34 04 24 3696 36966 36 3¢

STABILITY N NNE NE  ENE E ESE SE  SSE S SSH SH  HSH H HNH NH RNH
CLASS AN I * "% PLUME HEADED % *
S SSH SH HSH H WNH NH  NNW N NNE NE  ENE E ESE SE SSE STAG.
1 ¢.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.0 O0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00
2 0.00 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 0.04
3 .06 0.1t 0.10 0.04 0.07 0.1 0.63 0.63 0.08 0.03 0.0¢ 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 0.48 0.08 0.31 0.38 0.23
5 0.37 0.26 0.26 0.30 0.33 0.21 0.33 0.25 0.25 0.21 0.12 0.27 0.32 0.58 0.23 0.19 0.10
6 0.1 0.19 0.15 0.16 0.17 0.1 0.17 0.10 0.07 0.03 0.05 0.12 0.18 0.083 0.38 0.25 0.49
7 0.00 ©.03 0.0t 0.01 0.05 0.00 0.02 0.01 0.01 0.02 0.02 0.00 0.00 0.083 0.00 0.00 0.08

wesmniunuunsuns HIND SPEED DISTRIBUTION BY DIRECTION AT REFERENCE HEIGHT OF 300, HETERS i
NATURAL DRAFT COOLING TOWER EXAMPLE USING CD144 MET TAPE
SEASON=HINTER
* PR R wu% WIND FROM *x * *

WIND N NNE NE  ENE E ESE SE  SSE S SSH SH  HSH ] R N NN
RANGE il Afolofalatel ssxun PLUME HEADED B N " "
S SSH SH  HSH H WNW NA  NNW N NNE NE  ENE E ESE SE  SSE STAG.
1 0.00 0.00 0.00 0.00 9.02 9.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 1.00
2 8.72 0.52 0.27 0.30 0.5¢ 0.60 0.43 0.21 0.28 0.1 0.1¢ 0.22 0.48 0.67 0.92 0.69 0.00
3 0.28 0.48 0.73 0.69 0.43 0.40 0.572 0.79 0.72 0.8 0.8 0.78 0.52 0.33 0.08 0.31 0.00

FEDHEI I D3 600 000 IO % COMBINED FACTORS BY WIND DIRECTION 585656 8 5363650 338 506 3 5 M 0N K0
NATURAL DRAFT COCLING YOHER EXAMPLE USING CD144% MET TAPE
SEASON=WINTER
* 3696 39696 3 3636 3 3 34 2 0 263 ¢ WIND FROM 3636 236 3494 26 3¢ e *
COMBINED N NNE NE  ENE E ESE SE  SSE S SSH SH  HSR H HNH NH NNW
CLASSH 3636 3306 HEIE M 49600638 34 36 SO NN SN PLUME HEADED 5696 59696 3¢ 5.3 .38 34 6 6.9 3 34 330138 96 3 06 896 H-0-6:36 3063 3004 396 96 3496 24
S SSH SH  HSH L] (4] NH  NNH N NNE NE  ENE E ESE SE SSE STASG.

1 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 0.0 0.00 0.1
2 0.04 0.06 0.03 0.01 0.06 0.10 0.02 0.01 0.02 0.01 ©.01 0.00 0.01 0.11 0.07 0.13 0.00
3 0.02 0.06 0.08 0.03 0.05 0.06 0.03 0.04 0.06 0.03 0.04 0.0%1 0.01 0.06 0.01 0.06 0.00
4 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.060 0.00 0.00 0.00 0.00 0.00 0.32
5 0.55 0.35 0.20 0.2% 0.37 0.42 0.33 0.18 0.23 0.12 0.12 0.19 0.38 0.44 0.50 0.39 0.00
[ 0.21 0.32 0.53 0.55 0.29 0.28 0.43 0.66 0.60 0.78 0.77 0.67 ©.42 0.22 0.04 0.18 0.00
7 6.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57
-] 6.13 0.11 0.04 0.05 0.12 0.08 0.08 0.02 ©0.02 0.0t 0.01 0.03 0.09 0.11 0.36 0.17 0.00
9 0.05 0.10 9.12 0.12 0.09 0.06 0.1t 0.09 0.06 0.04 0.06 0.10 0.10 0.06 0.03 0.03 0.00

» COMBINED CLASSES ARE DEFINED AS FOLLOHS:
1=UNSTABLE, LOW WIND 2=UNSTABLE, HODERATE WIND 3=UNSTABLE, HIGH WIND
4=NEUTRAL, LOH HIND  5=NEUTRAL MODERATE WIND  6=NEUTRAL, HIGH HIND
7=STABLE, LOW HIND 8=STABLE, MODERATE WIND  9=STABLE, HIGH HIND

3-66



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

» * PLUME LENGTH FREQUENCY TABLE 3% ]
NATURAL DRAFT COOLING TOWER EXAMPLE USING CD144 MET TAPE
SEASON=HINTER

DISTANCE » 000000 06 2636 6936 36 30 0006 2 i HIND FROM 300505 w4360 » e
FRON N NNE NE  ENE E ESE SE  SSE S SSH SH  HSH H e N NNH SuM
TOWER nxt L1 » # PLUME HEADED
(M) S SSK SH  HSH H RNH M NNW N NNE NE  ENE E ESE SE SSE  SuM
50. 3.74 8.00 20.17 12.52 4.09 2.27 2.69 5.00 8.17 7.58 13.89 5.81 2.0¢ 0.72 0.71 0.80 98.19
100. 3.74 8.00 20.17 12.52 4.09 2.27 2.69 5.00 8.17 7.58 13.89 5.81 2.0¢ 0.72 0.71 0.30 98.19
150. 3.74 8.00 20.17 12.52 4.09 2.27 2.69 5.00 8.17 7.58 13.89 5.81 2.0¢ 0.72 0.71 0.80 98.19
200. 3.7 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 0.7%1 0.30 98.19
250. 3.7 8.00 20.17 12.52 4.09 2.27 2.69 5.00 8.17 7.58 13.39 5.81 2.04 0.72 0.71 0.30 93.19
300. 3.74 8.00 20.17 12.52 4.09 2.27 2.69 5.00 8.17 7.58 13.8¢ 5.81 2.04¢ 0.72 0.71 0.80 98.15
350. 3.74¢ 8.00 20.17 12.52 4.09 2.27 2.69 5.00 8.17 7.58 13.8¢ 5.81 2.04 0.72 0.71 0.80 93.15
%00. 3.74 8.00 19.96 12.31 3.87 2.27 2.69 5.00 8.17 7.58 12.99 5.8%1 2.04 0.72 0.7%1 0.830 96.66
450. 3.7¢ 8.00 19.96 12.21 3.87 2.27 2.69 4.79 8.17 7.58 12.5% 5.81 2.04 0.72 0.71 0.830 95.86
500. 3.74 8.00 19.96 12.21 3.77 2.27 2.69 4.79 8.17 7.53 11.55 5.3¢ 1.76 0.72 0.71 0.830 94.01
550. 3.74 8.00 19.96 12.21 3.77 2.27 2.69 4.79 8.17 7.53 11.55 5.36 1.76 0.72 0.71 0.80 94.01
600. 3.76 8.00 19.91 12.16 3.72 2.27 2.69 4.79 8.17 7.53 11.30 5.2¢ 1.71 0.72 0.71 0.830 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 0.80 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 0.62 0.71 0.80 92.14
750. 3.43 8.00 19.73 12.07 3.67 1.96 2.69 6.79 7.52 7.14 10.66 5.15 1.71 0.62 0.71 0.80 90.64
800. 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
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 90.13
900. 3.43 7.91 19.73 12.07 3.67 1.96 2.64 4.58 7.33 7.09 10.66 5.15 1.71 0.62 0.71 0.69 89.95
950. 3.43 7.91 18.96¢ 11.76 3.67 1.96 2.64 4.58 7.33 7.09 9.72 5.00 1.71 0.62 0.71 0.69 87.77
1000. 3.43 7.91 18.94 11.76 3.67 1.96 2.6% .58 7.33 7.09 9.72 5.00 1.71 0.62 0.71 0.69 87.77
1050. 3.38 7.87 18.94 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 87.49
1100. 3.38 7.87 18.9%4 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 87.49
1150. 3.38 7.87 18.96¢ 11.76 3.67 1.96 2.64 .58 7.28 6.95 9.72 5.00 1.71 0.62 0.71 0.69 87.49
1200. 3.33 7.87 18.94 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 87.49
1250. 3.07 7.87 18.94 11.76 3.67 1.81 2.66 4.5 6.97 6.63 $.72 5.00 1.71 0.46 0.56 0.65 85.99
1300. 3.07 7.87 18.70 11.76 3.61 1.81 2.6%¢ 4.54 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.33
1350. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.54¢ 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.33
1400. 3.07 7.87 18.70 11.76 3.61 1.831 2.6&4 4.5 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.5 0.65 85.33
1450. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4&.44 6.97 6.63 9.5 4.831 1.71 0.46 0.56 0.65 85.23
1500. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.44 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
1550. 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
1600. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.46 6.97 6.63 9.5 6.81 1.71 0.46 0.56 0.65 85.23
1650. 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
1700. 3.07 7.37 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 85.23
1750. 3.07 7.87 18.70 11.726 3.61 1.81 2.64 4.4%4 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.5 0.65 85.23
1800. 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 0.56 0.65 85.23
1850. 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 0.56 0.65 85.23
1900. 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
1950. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 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 2.646 4.44 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.23
2050. 3.07 7.37 18.70 11.76 3.61 1.81 2.64 4.44 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.5 0.65 85.23
2100. 3.07 7.37 18.70 11.76 3.61 1.81 2.646 4.44 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.5 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 9.5¢ 4.81 1.71 0.46 0.5 0.65 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 0.5 0.65 85.23
2250. 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 0.56 0.65 85.23
2300. 3.07 7.87 18.70 11.76 3.61 1.B1 2.6%4 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 1.831 2.64 4.446 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.23
2600. 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
2450. 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
2500. 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 0.5 0.65 85.23
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Table 3-31 (Continued)

303036030 90 36 3694 9 40 2 PLUME LENGTH FREQUENCY TABLE =
NATURAL DRAFT COOLING TOWER EXAMPLE USING CD14% MET TAPE
SEASON=HINTER

DISTANCE * tekataked * e HIND FROM sxwus * *

FRON N NNE NE  ENE E ESE SE  SSE S SSH SH  HSH H HNH NH NNH  SUM
TOHER  #nw * it ssnw PLUME HEADED * boboded ot aladododel

(M) S SSH SH  HSW L} HNH NH  NNH N NNE NE  ENE E ESE SE SSE SUM
2550. 3.07 7.87 18.70 11.76 3.61 1.81 2.66 4.44¢ 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
2600. 3.07 7.87 18.70 11.76 3.61 1.81 2.664 4.44 6.97 6.63 9.54¢ 4.81 1.71 0.46 0.56 0.65 85.23
2650, 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
2700, 3.07 7.87 18.70 11.76 3.61 1.81 2.66 4.44 6.97 6.63 9.5 4.81 1.71 90.46 0.56 0.65 85.23
2750, 3.07 7.87 18.70 11.76 3.61 1.81 2.64 64.4% 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 85.23
2300. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.44 6.97 6.63 9.5¢ ¢.81 1.71 0.46 0.56 0.65 85.23
2850. 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 0.56 0.65 85.23
2900. 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 0.56 0.65 85.23
2950. 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
3000. 3.07 7.87 18.70 11.76 3.61 1.81 2.66 4.4% 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 2.64 4.44 6.%7 6.63 9.5% 4.81 1.71 0.46 0.56 0.65 85.23
3100. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4%4 6.97 6.63 9.54 4¢.81 1.71 0.46 0.56 0.65 85.23
3150. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 64.4% 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.65 85.23
3200. 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
3250. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% 6.97 6.63 9.54 6.81 1.71 0.46 0.56 0.65 85.23
3300. 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 0.65 85.23
3350. 3.07 7.87 18.70 11.76 3.61 1.81 2.66 4.4% 6.97 6.63 9.54¢ 4.81 1.71 0.46 0.56 0.65 85.23
3400. 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
3450. 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 0.65 85.23
3500, 3.07 7.87 18.70 11.76 3.61 1.81 2.66 4%.44 6.97 6.63 9.5¢ 6¢.81 1.71 0.46 0.5 0.65 85.23
3550. 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
3600. 3.07 7.87 18.70 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 85.23
3650. 3.07 7.87 18.70 11.76 3.61 1.81 2.6%4 4.4%¢ 6.97 6.63 9.3¢ 4.81 1.71 0.46 0.56 0.65 85.23
3700. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% 6.97 6.63 9.5¢ 6.81 1.71 0.46 0.56 0.65 85.23
3750. 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
3800. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.44 6.97 6.63 9.5¢ 6.81 1.71 0.46 0.56 0.65 85.23
3850. 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
3900. 3.07 7.87 18.70 11.76 3.61 1.81 2.66 %.4% 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
3950. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.4% 6.97 6.63 9.5 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 4.4% 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
4050. 3.07 7.87 18.70 11.76 3.61 1.31 2.64 4.44 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
4100. 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 0.65 385.23
4150. 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 0.5 0.65 85.23
4200. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 64.4% 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
4250. 3.07 7.87 18.70 11.76 3.61 1.81 2.6 4.44 6.97 6.63 9.54 4.81 1.71 0.46 0.56 0.65 85.23
4300 3.07 7.87 18.70 11.76 3.61 1.81 2.66 4.44 6.97 6.63 9.5 4.81 1.71 0.46 0.5 0.65 85.23
4358 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
4400 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4%4 6.97 6.63 9.5 6.81 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%4 6.44 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
4500 3.07 7.87 18.70 11.76 3.61 1.81 2.64 64.44¢ 6.97 6.63 9.54 4.81 1.71 0.46 0.5 0.65 85.23
4550 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.4% 6.97 6.63 9.5¢ 64.81 1.71 0.46 0.56 0.65 85.23
4600. 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 0.5 0.65 85.23
4650, 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 0.65 85.23
4700. 3.07 7.87 18.70 11.76 3.61 1.81 2.69 4.44 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.65 85.23
4750. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.30 6.97 6.63 9.5 4.81 1.71 0.46 0.56 0.60 85.05
4800 3.07 7.87 18.70 11.76 3.61 1.81 2.64 ¢4.30 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.5 0.60 85.05
4850. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 4.30 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.60 85.05
4900. 3.07 7.87 18.70 11.76 3.61 1.81 2.6% 4.30 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.60 85.05
4950. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 3.75 6.97 6.63 9.54 4.8t 1.7t 0.46 0.56 0.51 84.40
5000. 3.07 7.87 18.70 11.76 3.61 1.81 2.64 3.75 6.97 6.63 9.5¢ 4.81 1.71 0.46 0.56 0.51 84.40
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Table 3-33. Total solar energy loss at a given distance
and direction due to plume shadow -- winter season

* » TOTAL SOLAR EMERGY LOSS TABLE (MJ/M¥#2 )% » %
NATURAL DRAFT COOLING TOWER EXAMPLE USING CD149 MET TAPE
SEASON=HINTER

TTSTANCE 37638 96 503 3630 3 1060636 .36 06 36.36 36 036 30 960 0 3606 30 36 0620 6 0620 30 06066 006060 06 YD FIROM 969036 636 06 6.3 00 3636 3.0 16 5636 3 .06 30 3 6360 8- 06 0636 06 -3 36 36 636 3036 6 34 36 6 36 34 96 36 98

FROM N NNE NE  ENE E ESE SE  SSE S SSH SH  HSH H HNW NH  NNH  AVG
TOHER wnuunun PLUME HEADED " bt bbbl ol fdbeddeble
(M) S SSKH SH  HSRH H HNH NH  NNW N NNE NE  ENE E ESE SE SSE  AVG
200.  147.0 172.0 175.0 175.2 177.2 180.8 179.0 166.5 147.6 133.9 117.2 99.4 90.9 93.9 9%7.5 134.5 143.0

400. 18.0 53.4 145.9 157.0 167.4 170.8 173.3 165.8 147.5 126¢.4 94.5 44.9 17.9 9.5 12.2 12.7 94.7

600. 10.3 22,9 119.9 146.4 145.6 141.4 131.9 109.4 102.7 94.2 €9.0 22.6 9.5 6.6 7.2 6.6 71.6
800. 6.8 19.4 100.9 137.3 133.3 105.1 83.9 52.0 67.3 69.9 51.9 13.6 59 54 4.7 6.8 54.0
1000. 6.8 18.0 83.7 131.6 113.1 83.7 51.1 32.2 52.1 55.7 43.9 9.1 6.7 55 4.2 6.8 43.9
1200. 6.4 16.6 73.7 123.8 97.0 63.8 36.6 26.2 42.0 46.6 36.6 8.6 4.6 4.3 2.7 4.9 37.1
1400. 6.4 15.8 62.7 119.8 87.4 50.2 25.5 19.1 37.2 39.5 32.3 7.9 3.8 4.3 3.0 4.9 32.5
1600. 5.8 15.5 59.2 116.0 81.8 41.0 22.1 16.5 32.2 38.1 30.1 57 38 4.0 3.0 4.5 29.9
1800. 5.4 15.5 56.5 112.3 72.4 3.1 17.9 13.8 30.1 34.2 25.8 5.5 2.8 3.9 2.7 4.5 21.5
2000, 5.4 1%.8 54.6 105.6 63.9 30.6 16.6 12.5 27.8 3¢.2 23.0 53 29 3.9 2.7 4.5 255
2200, 4.3 14.4 53.5101.8 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 93.0 56.5 23.8 14.4 10.9 24.6 30.9 18.8 3.9 2.2 3.9 2.2 4.5 227
2600. 4.8 13.2 50.3 95.8 50.2 21.9 13.4 10.7 2¢.1 27.7 17.8 3.8 2.0 3.5 2.4 4.5 21.6
2800. 4.8 12.6 47.3 92.8 46.1 19.3 13.1 10.9 21.1 26.7 17.2 3.8 1.6 3.0 2.5 4.5 20.5
3000. 4.8 12.6 44.1 90.83 41.4 18.6 12.6 8.9 20.5 26.7 7.0 3.8 1.6 2.8 2.6 4.1 19.5
3200. 4.4 12.6 63.7 88.8 40.8 17.4 12.2 8.7 19.4¢ 26.4 1.1 3.8 1.6 2.8 2.1 4.1 19.0
3400. 3.6 11.8 42.4 87.2 39.1 15.8 11.9 8.0 18.6 26.4 14.2 3.7 1.6 2.8 2.1 4.1 18.3
3600. 3.6 11.8 40.2 83.1 37.2 15.6 1.1 7.5 19.1 25.3 13.7 3.6 1.6 2.8 2.1 4.1 17.6
3800. 3.8 11.8 38.3 79.3 35.8 15.3 1.8 7.6 18.6 25.0 13.7 3.5 1.6 2.8 2.1 4.1 17.2
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 16.8
4200. 3.2 1.8 3.0 74.2 34.3 4.0 9.9 7.2 17.6 24.4 13.0 3.4 1.6 2.8 1.3 3.2 16.1
4400, 2.3 11.8 34.1 70.1 33,5 13.8 9.6 6.9 17.0 23.3 125 3.4 1.6 2.8 1.1 3.2 15.5
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 15.3
4800. 2.0 11.8 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 3.2 149
5000. 2.0 11.4 28.8 69.0 30.3 12.8 9.4 6.5 16.0 23.0 11.2 3.1 1.6 2.5 1.1 3.2 1.5
5208. 2.0 10.7 27.8 7.3 27.6 11.¢ 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 11.¢ 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 1.4 8.5 6.2 146.8 20.7 10.1 2.9 1.6 1.9 6.6 2.9 13.1
5300. 1.7 10.3 24.7 63.2 24.8 11.4 7.4 6.0 14.8 20.1 10.1 29 16 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 1%.8 19.1 9.9 29 16 1.9 0.6 2.9 12.5
6200. 1.7 10.1 23.8 59.3 22.9 10.4 7.0 6.0 1.4 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 1.2 19.1 9.6 2.4 1.2 1.2 0.6 2.2 1.9
6600. 1.7 9.1 23.5 58.9 22.1 10.1 6.4 5.5 13.7 18.83 9.0 2.4 1.2 1.2 0.5 2.2 1.6
6800. 1.7 9.1 23.0 57.6 21.8 1.0 6.4 4.3 13.7 1.2 9.0 2.¢ 12 1.6 0.5 2.2 11.3
7000. 1.7 7.8 22.7 56.0 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 56.0 20,9 9.9 5.4 3.9 13.2 %9 9.0 2.3 1.2 1.0 0.5 1.6 10.6
7400, 1.4 4.7 21.5 55.4 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 4.7 215 53.3 19.1 9.2 54 3.7 13.2 13.8 8.0 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 54 3.6 12.4 13.8 8.6 2.3 1.2 0.9 0.5 0.9 9.6
8000. 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 6.9 0.5 0.0 9.0
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Table 3-36. Salt drift deposition as a function
of distance and direction -- winter season

ua * PLUME SALT DEPOSITION TABLE (KG./(KM.##2-M0.)) wwasus "
NATURAL DRAFT COOLING TOWER EXAMPLE USING CD144 MET TAPE
SEASON=HINTER

JISTANCE siessn HIND FROM # 3636 30-36-96 306 34 9 L ErTITTII T
FROM N NNE NE ENE E ESE SE SSE S SSKH SH HSH W K NH NHH AVG
TCHER % bbod] PLUME HEADED 35636303636 30366 20005 36 3630 30636 361606 .56 36 3606 306 2036 0606 30 .36 6 3006-00 10 0008 3 30 0 06 4 ¢ LA
H) S SSH SH HSH R W NW NNH N NNE NE ENE € ESE SE SSE AVG
100. 2.11 4.10 10.15 6.36 2.08 1.11 1.33 2.45 3.90 3.38 6.25 2.61 0.87 0.35 0.3¢ 0.41 2.99
200. 2.11 4,10 10.15 6.36 2.08 1.11 1.33 2.45 3.96 3.38 6.25 2.61 0.87 0.35 0.3 0.491 2.99
300. 2.11 4.10 10.15 6.36 2.08 1.11 1.33 2.5 3.90 3.38 6.25 2.61 0.87 0.35 0.3 0.41 2.99
400. 4.83 7.8¢ 18.82 12.21 64.11 163 2.37 4.27 6.29 4.20 10.29 4.4 1.20 0.55 0.47 0.63 5.26
500. 21.89 34.07 80.77 52.11 17.3%¢ 8.10 10.16 18.31 27.51 17.28 39.28 17.3¢ 4.92 2.53 2.15 3,32 22.32
600, 29.36¢ 55.56 139.47 85.11 28.99 16.2¢ 17.64 34.46 55.40 ¢7.86¢ 87.19 33.85 10.97 5.23 5.19 6.06 41.16
700. 24.54 52.99 144.37 88.86 30.23 15.46 17.20 35.27 55.16 53.35 101.40 38.68 12.72 5.16 4.94 5.81 42.83
800. 12.06 27.92 100.30 59.61 20.28 8.87 9.72 23.25 31.77 30.18 77.31 31.07 10.2% 2.73 2.80 3.67 28.23
500. 9.02 22.47 40.81 26.33 8.39 6.32 7.47 14.83 23.38 22.75 41.48 17.73 4.71 1.93 1.85 2.42 15.7%4
1000. 6.12 12.62 32.47 21.86 6.91 3.44 3.96 11.92 11.91 11.65 31.69 16.4¢ 4.03 1.23 1.09 1.832 11.07
1100. 5.82 12.14 19.59 12.65 3.61 3.2¢ 3.8¢ 10.40 11.53 10.69 18.46 8.69 2.98 1.09 1.09 1.60 7.9
1200. 4.07 9.2 16.99 10.5¢ 2.96 2.78 3.08 7.35 10.06 9.43 16.81 8.26 3.03 0.8¢ 0.91 1.18 6.73
1300, 3.4¢ 8.56 15.48 9.28 2.94 2.57 2.82 3.75 9.31 8.8¢ 15.26 7.67 3.13 0.75 0.79 0.60 5.95
1400. 3.12 8.06 15.00 9.0¢ 2.91 2.45 2.65 3.27 8.53 8.40 13.75 6.60 2.61 0.75 0.75 0.51 5.53
1500. 2.96 7.1% 16.97 9.02 2.39 2.08 2.39 3.20 7.39 7.43 13.59 6.55 2.59 0.75 0.6% 0.46 5.26
1600. 2.39 6.05 14.29 8.7¢ 2.8¢ 1.70 1.94 2.99 6.16 5.99 11.97 5.73 2.20 0.55 0.60 0.45 4.66
1700. 2.36 5.99 13.75 8.41 2.68 1.68 1.91 2.69 6.07 5.8 10.71 5.1t 1.92 0.53 0.60 0.43 4.42
1800. 2.87 5.78 13.03 7.93 2.52 1.5 1.89 2.6t 5.67 5.53 9.50 64.37 1.52 0.41 0.4% 0.41 4.08
1900. 2.05 5.664 12.25 7.37 2.39 1.51 1.81 2.57 5.4% 5.33 38.4¢ 3.86 1.23 0.41 0.45 0.40 3.82
2000. 2.02 5.29 12.18 7.3% 2.36 1.42 1.69 2.5 5.13 4.93 8.37 3.82 1.23 0.41 0.41 0.40 3.72
2100. 2.00 5.00 12.1¢ 7.28 2.3¢ 1.37 1.62 2.33 4.8 64.71 8.29 3.79 1.22 0.41 0.40 0.40 3.63
2200. 1.92 64.51 12.064 7.15 2.29 1.29 1.5t 2,07 4.38 4.25 8.09 3.7¢ 1.20 0.41 0.38 0.37 3.45
2300. 1.83 4.26 11.62 6.80 2.20 1.19 1.39 1.6t 4.20 3.81 7.69 3.58 1.18 0.41 0.35 0.27 3.27
2400, 1.16  3.11 10.9¢ 6.40 2.09 0.87 1.08 1.38 3.07 2.95 6.76 3.23 1.03 0.28 0.31 0.24¢ 2.81
2500. 0.95 2.83 10.39 6.09 1.97 0.77 0.92 1.36 2.71 2.67 6.15 2.98 0.92 0.23 0.2¢ 0.2¢ 2.59
2600 0.89 2.72 9.39 5.55 175 0.7t 0.83 1.23 2.66 2.55 5.36 2.66 0.75 0.21 0.2¢ 0.21 2.36
2700 0.89 2.70 7.81 4.50 1.5% 0.71 0.82 1.15 2.62 2.53 4.6% 2.39 0.55 0.21 0.2¢ 0.8 2.12
2800. 0.83 2.68 7.08 4.52 1.40 0.69 0.82 1.08 2.5 2.46 64.26 2.21 0.49 0.19 0.22 0.16 1.98
2900. 0.79 2.58 6.07 3.8 1.22 0.64 0.75 1.04 2.35 2.32 4.05 2.00 0.43 0.17 0.20 0.16 1.79
3000. 0.77 2.40 5.76 3.60 1.13 0.0 0.70 1.03 2.22 2.11 3.77 1.8t 0.40 0.17 0.17 0.15 1.67
3100. 0.76 2.27 5.43 3.39 1.08 0.56 0.66 1.00 2.0¢ 2.02 3.41 1.68 0.39 0.17 0.177 0.15 1.57
3200 6.74 2.12 5.00 2.99 0.98 0.47 0.64 06.99 1.85 1.88 3.00 1.52 0.38 0.16 0.16 0.1% 1.44
3300. .67 1.86 4.83 2.91 0.91 0.42 0.59 06.97 1.76 1.65 2.83 1.47 0.37 0.1% 0.15 0.14 1.35
3400 0.67 1.77 4.72 2.85 0.87 0.40 0.56 0.97 1.67 1.57 2.67 143 0.36 0.14 0.15 0.14 1.31
3500 6.65 1.7t 4.44 2.52 0.81 0.33 0.51 0.93 1.5 1.41 2.43 1.3 0.35 0.1% 0.14 0.1& 1.22
3600 0.61 1.66 4.09 2.37 0.76 0.35 0.49 0.87 1.4% 1.29 2.3 1.22 0.3% 0.1 0.13 0.14 1.14
3700 0.55 1.63 3.82 2.23 0.717 0.32 0.48 0.7¢ 1.36 1.21 2.1 t.16 0.33 0.11 0.10 0.13 1.06
3800 0.52 1.53 3.66 2.1 0.67 0.28 0.45 0.77 1.19 1.07 2.00 1.1 0.31 0.09 06.10 0.12 1.00
3900 6.49 1.46 364 2.1 0.66 0.27 0.44 0.66 1.08 0.93 1.99 1,12 0.31 0.08 0.10 0.11 0.97
4000. 6.48 1.35 3.62 2.13 0.65 0.27 0.42 06.640 1.62 0.88 1.9 1.11 0.31 0.07 0.10 0.10 0.9%
4100. 0.46 1.23 3.4¢ 2.61 6.5 0.25 0.39 0.50 0.5 0.79 1.76 1.02 0.30 0.07 0.09 0.09 0.87
4200 0.43 1.1¢ 3.32 1.95 0.58 0.22 0.37 0.48 0.86 0.7 1.65 0.98 0.27 0.07 O0.09 0.09 0.83
4300 6.43 1.10 3.06 1.82 0.55 0.21 0.36 0.46 0.80 0.72 1.42 0.9¢ ¢06.23 0.07 0.09 0.09 0.77
4600 8.43 1.09 2.96 1.717 0.52 0.21 0.36 0.45 0.80 0.72 1.29 0.8 0.22 0.07 0.09 0.08 0.74
4500 0.39 1.00 2.92 1.70 0.50 0.20 0.33 0.42 0.72 0.66 1.25 0.8% 0.22 0.06 0.06 0.07 0.71
4600 0.45 1.07 2.83 1.73 0.50 0.21% 0.35 0.43 0.74 0.64 1.20 0.76 0.23 0.07 0.06 0.07 0.71
4700 0.52 1.16 2.73 1.69 0.49 0.22 0.38 0.46 0.78 0.64 1.18 0.72 0.23 0.08 0.07 ©.08 0.71%
4800 0.52 1.16 2.67 1.66 0.483 0.22 0.38 0.96 0.78 0.64 1.05 O0.66 0.19 0.08 0.07 0.08 0.69
4300 0.52 1.16 2.5 1.57 0.46 0.22 0.38 0.46 0.78 0.64 1.00 0.61 0.18 0.08 9.07 0.08 Q.67
5000 0.51 1.13 2.50 0.45 0.27 0.36 0.45 0.75 0.61 0.96 0.61 0.17 0.07 0.07 0.07 0.65
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= DIAMETER oF Top oF EacH Tower = 65,7 m
HEIGHT oF EAcH Tower = 126.0 M

D
H
D = DISTANCE BETWEEN Towers, CENTER-TO-CENTER = 188 M

Figure 3-10. Sketch of geometry and orientation of natural-draft
cooling towers used in Case Study 2.
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Figure 3-11. 1Isopleth plot of results presented in Table 3-31

(frequency of occurrence of visible plume).
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HOURS OF PLUME SHADOWING
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Figure 3-12. Isopleth plot of results presented in Table 3-32

(hours of shadowing)
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Figure 3-13. Isopleth plot of results presented in Table 3-33
(total solar energy loss due to plume shadowing).
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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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FRACTIONAL BEAM ENERGY DEPOSITION LOSS (PERCENT)

NATURAL DRAFT COOLING TOWER EXAMPLE USING CD 144 MET TAPE SEASON:  WINTER
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Figure 3-15. Isopleth plot of results presented in Table 3-35
(percent energy loss of direct [beam] energy due
to plume shadowing).
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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 momning 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 (siower) 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 I11) 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-5), 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 1] (see Table A-3) are based on averages of
the actual values. The means finally arrived at after the redistributions are the NCC Tabulation 111 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 frequencies ol non-P cases are
given also.
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Tuble 8-1. MEAN SEASONAL AND ANNUAL MORNING AND AFTERNOON MIXING
HEIGHTS (U} AND WIND SPEEDS {U) FOR NOP® AND ALL? CASES.

Winmter Spri Summer Autumn Annust
,¥ H.m U.moec™] Hm U,m-:—‘ H.m U,mu:—‘ H.m U,mnc"l H.m U.moec!
Station =INOP AN IXNOP] NOP AN] NOP AN [XNOP| NOP AIL| NOP AN [XNOP | NOP AN |NOP All IXNOP! NOP Al |[NOP Al {XNOP| NOP AN
Aeny, M| 576 804 (580 50 67 613 786 {663 50 6.1 474 527 {830 31 4 491 583 [81.1 42 48 538 675|721 45 54
New York Al 868 967|608 69 76§ 1663 175) 604 83 87 1896 1943791 68 710 |22y 1272 |80.2 69 7.2 (1414 1484722 12 18
Albuquerque, M| 345 3911889 37 a0 498 553|924 42 45 560 582|937 3s 37 n 414|903 33 35 445 485 (91)] 37 39
New Mexico A [1402 1464 |88 55 58| 326 M52 {944 88 89 | 3902 3941 (885 58 60 |2247 2295 |90.1 $53 55 |2744 2788 {90] 64 85
Anwrillo, M1 237 2731839 65 69 N 337 887 78 81 353 379|835 70 14 296 323 |870 65 68 299 3857 70 13
Tens 1101 1171 {830 82 85 2447 2507 (896 99 101 2475 2520 |88 9 73 714 1648 1693 |88.4 74 16 1917 1973|874 82 84
Athens, M| 328 407 (712 51 60 J28 383187 471 53 363 390 (826 3 8 278 314 {88 5 40 44 324 374|798 44 49
Georga A | 970 1042 (724 65 10| 1707 17154 (178 69 7.2 {1876 1918 |75.7 47 49 Nan 1455 (85.3 55 5.7 [1495 15421778 59 62
Bismerck, M| 272 2380|597 50 65 378 474 {887 55 65 239 282 (80.2 39 45 55 301 {844 44 50 286 M9 |73.2 47 58
North Dekota A| 528 625|608 70 78 1756 1880 |74.6 87 92 | 2015 2078 |B4.4 70 72 V299 1368 |83.5 78 8. 1399 1488 [758 16 8.1
Boise, M| 327 e07 681 36 42 342 424 |76.7 45 50 185 1931904 33 34 224 29 |98 ja 42 200 3267187 38 42
Idsho Al 63 754|679 43 49| 2244 2329 |80 64 6.7 | 2511 2540 |92.2 58 59 |1320 1409 |81.5 50 53 |1676 1758 |799 54 57
Brownyville, M 3056 438|746 64 74 722 748 |88 9 81 83 788 794 (985 71 7.2 530 561 |89.2 56 59 601 835 |87.3 68 12
Tenss A |1043 1084 (78.3 82 86| 1113 1127 |89 4 9% 96 | 1533 1540 [930 87 87 {139 1385 |86.8 71 18 1264 1784 1868 85 87
Buftelo, M1 595 869 (368 63 82 478 627 {625 54 64 381 458 |80.7 42 48 462 571 |18.7 47 %3 481 631 {64 % 51 6.1
New York A1 721 857344 72 85] 1333 1431|568 75 81 1575 1616 |81.0 65 67 INXs 1196 |73 65 69 1192 1275 161) 69 716
Burrwood, M| 5% 593|818 0 18 700 720|926 84 66 { 1282 1300|878 41 42 1090 1113]87% 62 64 902 932|873 59 612
Lounisna Al 637 681[761 68 71 B04 816 {913 61 62 1238 1252 [83.7 42 43 |1ws3 1073 (831 60 62 933 956|835 58 &9
Cape Hatteres, M| 830 725|732 78 85 643 736 (7183 76 B2 700 848 {774 62 67 181 846 {78.2 866 7.2 703 789(76.7 70 18
North Caroling Al 6918 17 82 878 945 (772 85 88 988 1021 {7187 71 73 922 962 |78.7 10 13 872 924765 6 18
Caribou, M1{ 447 506 |540 61 18 475 8610 628 56 67 417 508 |68.7 44 59 472 603 |66 5 53 63 452 579 162.7 54 84
Maine Aj706 823|496 78 89 1511 1618 |620 77 B2 1817 1881 |69 8 76 80 |1099 1191 |62.4 7.7 83 |28 13719609 17 a3
Charleston, M1 296 381|748 49 58 339 385|826 48 53 411 437 |BA A 42 4S5 264 297 1887 42 46 327 3N (88 45 5.1
South Coaroline A | 951 1004 |75.0 87 11 1519 1562 [82.4 22 74 1447 1510 |70.7 57 80 [1222 124 |84 8 61 63 |1284 1330782 64 67
Columbis, M| 300 448|743 60 65 409 477|139 66 13 294 321 [833 4.7 50 n 358 |83.1 55 59 352 401(786 57 62
Missouri Al 797 812 NS 70 75| 1523 1599|158 84 88 1689 1723|839 56 58 (1349 1395 182.2 65 67 |133 139717821 69 12
i

Deyton, M| 461 557 [58.6 62 11 482 555 ([67.2 59 66 M9 375|874 38 a0 360 417|824 45 %0 408 4161739 51 §7
Ohio Al 749 BI6 (564 72 7191 1570 1670 |68.3 75 80 | 1661 1685|819 53 55 1315 1346 (826 63 &5 1323 1384|728 66 10

2NOP excludes type P, C, and M cases (see text).
BALL includes ail cases, wiih allowances for types P, C, and M (see text),
€M, morning; A, afternoon.
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Table B-1 {continued). MEAN SEASONAL AND ANNUAL MORNING AND AFTERNOON MIXING

HEIGHTS {H) AND WIND SPEEDS {U) FOR NOP? AND ALLD CASES.

Winter Spring Summer Autumn Annusl
" -1 -1 ] -1 -1 ‘ -1
« ,m U, muesc Hm U, moesc Hom U, m sec H.m U, m sec H,m U, m sec
Srstion E NOP AU NXNOP| NOP AN | NOP AN DNOP | NOP AN | NOP AN Do NOP | NOP AN | NOP At K NOP | NOP ANl INOP Al KNOP| NOP AN
Denver, M| 178 219[ 7185 45 48 360 423] 826 43 486 243 2551926 36 37 163 174|870 35 36 236 268} 85.1 40 42
Colosedo A 1357 1482]/ 803 58 6.3 | 2951 3070 80.7 72 76 ]| 3358 3458| 796 59 61| 2085 2161) 868 5.1 53 12437 2543|818 60 63
Dodge City, M| 224 266{ 805 67 112 e 354|817 71 82 302 328|796 EA ) 15 255 283] 855 66 70 274 208[818 10 15
Kansas Al 811 879|814 80 8.3 ] 1783 1872] 828 96 99 | 2028 2086| 86.1 83 85 | 1267 1323|873 82 84 1472 1540|844 85 @88
E! Paro, M| 360 405]90.7 42 4% 660 @90} 96.1 5% 57 718 758,898 40 42 385 429] 90.3 33 35 530 S$71]191.7 43 4S5
Tenss A | 1421 1460} 916 $9 6.1 3211 3222|1970 B4 B4 | 3696 3721917 51 52 ] 218 2948|919 44 45 |2611 2638|930 89 61
Ety, Ml 157 193|788 48 51 427 489833 47 51 108 109} 950 42 42 146 161} 888 41 45 209 238} 664 45 47
Nevads A }1020 1072|808 52 65 | 2630 2708 719.1 A} 74 | 3583 36241878 68 70| 2118 2179|881 59 6.1 2337 2396|839 63 65
Fling, Mi 518 674|491 60 12 429 527|696 63 61 280 328} 835 35 40 400 4941 771 45 52 406 506|698 48 56
Michigan Al 762 862|456 70 78 {1496 1608} 66.1 76 82 | 1697 7134]1 81 61 631213 1268| 756 67 1292 1368| 67t 68 74
Glasgow, M| 220 283|737 47 55 347 J91) 826 59 63 277 304{B6S 54 57 232 262j 888 60 53 269 2310|829 §3 87
Montans A| 428 524|673 62 69 [1855 1971|176 7.7 B} | 2409 2454|6880 7v 12 | 1297 1307 B8.6 15 1.7 | 1487 1564|803 7175
Grend Junction, M| 276 329]819 3t 34 550 678|865 51 654 290 307|904 46 47 29 213|866 31 39 338 384863 41 4
Colorado A [1075 1160} 830 31 24 | 087 2166| 86.1 63 66 | 3895 3940( 878 59 6.1 ] 2048 2133|864 44 46 (2526 2600/ 858 49 52
Great Falls, M| 447 562|735 88 97 527 643]76.7 65 73 369 2399} 891 44 47 422 491)| 84.2 70 1% 438 524|808 87 13
Montsna Al 874 1003708 89 105 | 2318 2439|722 84 89 | 2984 3040{ 833 69 72| 1641 1707|833 90 93 1954 2047|774 86 80
Green Bay, M| 442 573}59.7 58 69 431 534|709 54 62 323 3721817 40 45 465 543| 196 49 55 415 506} 729 50 &8
Wisconun A| 632 704}59.7 73 79 | 1389 1492{ 73] 78 B2 | 1607 1648|841 65 6.7 | 1067 1127| B8O A} 75 {1173 1243 7137 12 716
Greensboro, M| 389 480|748 4.7 54 402 492|761 47 54 400 445] 809 38 4.2 290 3| 824 38 43 370 440} 185 43 48
North Caroling Al 926 992|119 64 68 } 1708 1765 78.7 11 74 | 1674 1710) 785 49 51 1306 1334| 846 56 58 ]1403 1450] 718.4 60 63
Huntington, M| 482 6M4}579 42 53 8715 121 70.7 46 55 300 338|830 24 27 332 403} 821 26 31 442 524 134 4 42
West Virginia Al 963 1079]|58.3 57 64 } 1872 1966; 7125 60 65 | 1596 1641) 819 41 43| w300 1340 81.7 46 49 11432 1511 736 51 85§
Internationat M| 251 DJ47[ 540 43 56 19 411 663 46 56 266 337{ 15.2 33 49 ‘06 $13( 70.6 51 60 310 402|665 43 83
Falls, Minn, A| 584 866]52.7 63 70 | 1540 1646| 68.3 71 75 | 1688 1747|789 66 69 ) 1054 1146} 9 9 70 14 | 1216 1299] 671 .4 68 72
Jackson, Mi 379 470{68.8 40 49 417 467{ 810 44 49 408 42311919 3o 05 343{ 830 32 38 377 4} 812 37 4
Mississippi A j1014 1088} 69.1 54 59 | 1503 1543|818 60 62 | 1803 1830/ 76 .4 43 45 1319 1349) 313 49 51 1409 1453} 771 52 64
Jacksonville, M| 345 403]79.4 52 59 447 477|904 53 56 567 583{ 91.1 4] 44 418 458) 85.9 47 50 444  480) 86.7 49 852
Florids A {1068 1104}8B0.1 67 70 | 1639 1667] 86.1 A} 7.2 | 1681 1712| 68.0 56 58 | 1321 1342| 804 65 65 ]| 1424 1456| 78 6 65 67
Lake Chartes, M| 319 384|112 58 87 418 459} 872 $3 67 493 506| 924 40 & 290 308{ 908 43 4S5 380 417|854 49 532
Louisiana Al B22 867{745 Al 75 1164 1179| 86.2 69 10 1365 1392| 804 50 52 1299 13151 865 57 58 1162 1188|819 62 64
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Table B-1 {continued). MEAN SEASONAL AND ANNUAL MORNING AND AFTERNOON MIXING

HEIGHTS (H) AND WIND SPEEDS (U) FOR NOP? AND ALL? CASES.

=

Wmlov * SIfl!lm.' Autumn Annusl
H.om W U_mnc" H.om U,muc~1 H,m U,muc“ Hm U,m-c-' H.om U,mnc"'
P

Station NOP Al D NOP | NOP AN NOP Al X NOP| NOP Al NOP Al (X NOP| NOP AN NOP Al 1% NOP| NOP AN NOP Al I NOP| NOP AN
Portiand, Mi 481 618704 56 66 533 689}685 54 64 435 501| 189 43 48 395 5061 74 1 47 56 461 SB[ 729 50 59
Maine A| 879 945|690 72 78 1384 1479|709 82 87 1414 1476} 80 4 13 16 1083 1141 763 10 74 1190 1260] 741 74 78
Raped Crty, M| 226 J63/655 47 63 362 465|737 58 67 298 330|854 45 48 264 314|866 50 55 287 J68)778 50 58
South Dakots Al 848 982677 72 79 | 2032 2166{ 746 84 B8 | 2419 2510} 835 67 69| 19559 1615|870 76 18] 1714 1810] 782 15 719
St Cloud, Mj 338 393|748 54 61 404 469776 56 63 328 351|894 39 42 389 429|870 51 55 364 411|822 50 5%
Minnesota Al 537 607|597 66 73 1344 14321757 .17 BO 1595 1646|828 66 69 952 1006 | 80 .7 14 1.7 11407 11731 747 71 75
Salem, M{ 325 431562 30 238 432 627|554 21 29 379 424[891 20 22 292 404 | 68.1 22 28 %7 411672 24 29
Ovegon Al 622 787}504 37 4S5 1614 17331563 43 48 1655 16321 86.¢ 44 45 115 12121679 42 46 1251 1354651 41 4.6
Salt Lake City, M1 254 329719 37 4] N7 419,737 48 54 198 216/ 689 44 46 198 238|848 43 46 24y 300|198 43 47
Utah Al BOB 944|679 40 46 | 2548 2675{ 748 62 66 | 3673 3737|1859 60 62| 1821 19331837 $2 55| 2212 2322|180 53 57
San Antomio, M| 370 a59{ N7 50 58 678 748|789 60 65 897 915|920 56 517 595 654| B4.0 57 5% 635 694]0t6 54 59
Texas A11065 1112]79.0 65 68 1529 1552|887 n 7.2 { 2108 2119) 917 59 60| 1542 15221878 60 6.1 1561 1589)86.7 64 65
San Diego, M1 468 534881 20 22 807 BS51| 911 26 27 531 538|954 20 20 558 578(95.0 20 21 591 625|924 22 22
Cahtornia A| 989 10211914 42 A3 1056 1085] 926 51 52 564 566/985 at 4.1 819 83alose 43 43 857 877|945 44 45
Santa Monics, M1 376 422(854 28 30 65' 676|926 27 28 552 562{94.1 19 19 487 $10{919 23 24 516 542|910 24 2%
Cahtornia A| 863 B33{916 449 45 946 963|950 59 60 603 603994 51 5.1 785 798|958 48 48 799 8141954 5.1 51
Ssult Ste. Macie, M| 386 532|339 48 6.1 390 493{661 47 55 278 332 7161 31 a2 $19 676|642 49 58 39) 508{600 45 654
Michigan A| 582 700)334 59 10 1152 1243663 13 7 1394 1433{ 791 69 71 1024 1125( 60 7 10 7% 1038 11251598 68 73
Seattle, M| 626 824|498 51 6.2 681 838551 46 5% 532 576851 40 42 476 585/ 615 43 S50 578 1051628 45 52
Washington Al 585 718(458 47 54 1430 15771565 57 62 1398 14191895 a8 49 898 987|662 46 50 1092 1175(645 49 54
Shreveport, M| 430 508|724 57 63 55 566|839 63 67 469 482|922 47 48 3 430186 2 45 48 451 497|836 53 57
Lowsiana A}1016 1088|728 62 67 1441 1484{B2 4 68 71 1802 1823|854 47 48 1185 1414185 3 52 54 1411 1452|814 57 60
Spokane, M| 336 414|602 47 57 341 401|741 52 58 234 259i{883 41 44 218 266|750 38 43 282 335|7¢4 44 51
Washingtan Al 430 5231569 4B 56 1861 1943] 720 61 65 | 2533 2559878 52 53} 1261 1362|147 50 %54 1521 1597|728 $3 57
Tampa, M{ 394 436(858 58 6.1 503 526|917 56 58 656 674|911 42 43 419 419!892 54 56 493 519|894 53 54
Florida A[1052 1079|814 64 66 1523 1544|878 67 68 1460 1526[ 68 9 50 53] 1401 1429184 4 64 68 1359 13941806 62 64
Topeka, M| 381 448|737 $9 66 454 529]759 10 8 371 406|804 52 56 7 361813 50 56 380 436778 58 64
Kansas Al BOt B76)746 14 79 1441 15121112 93 96 1503 1542{ 861 68 10 1228 1267[ 822 15 78 1243 1299800 78 81
Tucson, Mi 216 247907 43 45 244 260/965 42 A3 335 356|900 38 219 225 2411930 44 45 255 276(925 42 43
Arizona A {1390 1424/ RR ] 50 52 | 2659 26G4|9/B 68 68 3040 3110|822 53 &5 2012 21101895 49 S0[ 2290 2327|894 55 56
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Table 8.1 (continued}. MEAN SEASONAL AND ANNUAL MORNING AND AFTERNOON MIXING

HEIGHTS (H] AND WIND SPEEDS (U} FOR NOP? AND ALL® CASES.

Winter sprnm Summer Autumn Annual

w H,m U.mm_' H.om U,mu\:_I H U,muc_‘ H, m U, mosec! Hm U,muc—‘

.

3
Station = |[NOP AN MNOP| NOP Al | NOP Al [XNOP | NOP ANl INOP Al [XNOP| NOP AN | NOP All % NOP | NOP Al | NOP All X NOP| NOP Al
Lander, M| 188 223|830 2% 28 427 S1t| 817 33 317 326 3371954 27 21 265 322| 86.2 26 29 301 348{865 28 30
Wyoming A | 808 926|821 36 41 }2629 2755{ 794 64 69 |]3406 3490 84 4 63 66 | 1907 2030| 85.1 46 50 | 2187 2300} 827 52 656
Las Vegas, M1 266 2321{920 42 45 405 433{954 54 56 283 2921972 46 47 242 276] 94.3 41 43 299 3} 947 46 48
Nevada A 11123 1153940 41 42 12769 27185[952 70 711 J3672 3693|920 66 67 |2076 2106] 95 6 51 52 | 2410 2434] 942 57 58
Littie Rock, M| 451 5411763 46 52 460 544778 50 5.7 %5 1375/ 900 35 37 303 3421862 34 38 392 450( 825 41 48
Arkansas A} 996 1101} 721 6t 66 } 1554 1612|800 67 70 Ji1817 1851841 48 49 ] 1360 1401} 84 6 §0 52 ] 143t 14911802 57 59
Medlod, M| 289 3871606 15 19 392 535|680 18 22 259 2851937 12 t3 220 293} 7150 iR} 13 290 375§ 743 t4 172
Oregon A | 747 933|650 22 28 | 2004 2079|676 45 48 {2332 2349} 920 46 46 | 1481 15941 7176 32 35 | 164) 17381155 36 39
Miami, M| 654 7071872 54 57 547 980j 911 57 59 {104y 10711883 43 45 872 933} 824 50 $13 878 9231872 51 53
Flonds A {1208 1221} 89.2 64 65 | 1440 1459|874 68 69 1360 1383] 737 53 65 [ 1318 1341/ 787 66 69 | 1330 1351|822 63 65
Midiand, M| 249 290]834 51 57 405 429|909 73 15 583 606| 902 70 12 388 419|879 57 60 406 436 88.1 63 66
Texnn A [1222 1276|845 75 78 | 2408 24497924 89 90 2716 2744 90.7 66 67 | 1849 1887} 89.7 66 67 | 2048 20891893 T4 7S
Montgomery, M| 387 484}721 42 50 382 431|826 39 41 430 444|920 34 35 294 323 | 868 33 16 373 420(833 37 a4
Alsbama A | 988 1060] 721 58 63 ] 1590 1622|844 58 60 |1770 1801 7196 43 44 |1380 1402} 857 4B 49 | 1432 1471( 804 52 54
Nontucket, M| 780 905|637 85 95 588 734|663 15 84 389 448|759 57 62 625 739§ 7121 69 76 595 707|695 7y 19
Massachusetts A| 791 890|597 90 98 46 B27{ 146 84 88 609 667|774 1173 765 8311708 79 83 127 BO4| 706 81 86
Nashville, M| 440 563;628 43 §52 500 606|737 48 56 417 4411894 32 14 nm 367|811 30 2% 414 492|767 38 44
Yennessee A |1035 11211666 62 68 | 17113 1783|7154 68 71 1845 1874/ B0 9 46 48 | 1438 1473809 51 53 ] 1507 1563] 159 57 60
New York, M| 875 986|715 83 91 788 918|720 69 7.7 662 711|B20 55 58 675 741/ 826 66 71 %0 8Xi N0 68 74
New York A 901 976{675 82 88 | 1360 1466|754 8.7 9.t {1512 1570|820 68 70 | toa6 11327 80.7 74 17 11214 1286 76 4 78 82
North Platie, M| 209 284} 721 43 53 317 383 130 59 68 321 361|809 54 59 238 287| 820 43 49 2711 317170 50 57
Nebrasks A | BB6 986|774 76 8.1 1778 1894761 81 91 1717 1756} 887 73 74 [ 13%6 1400 88 6 15 77 | 1434 15091827 78 81
Oakland, M| 386 453{783 29 13 701 7631846 39 42 518 5271933 32 33 464 508 85 3 27 29 516 563]853 32 34
California A | 649 709|860t 41 44 | 1087 121|876 65 66 643 644|980 59 69 745 770/ 835 60 51 81 811,888 54 65
Okishoma City, M| 296 342|781 69 15 409 457|820 871 92 344 367 B3S 69 72 309 343|831 67 12 339 17718186 73 78
Okishoma A | BO4 859788 81 B4 | 1447 15061820 98 100 |1830 1862|885 7.2 13 |} 1266 1302|855 77 719 | 1336 13821837 B2 B84
Peoria, M| 327 392|693 52 59 361 431|711 57 64 272 305/ 833 38 42 213 3211822 44 49 308 362|164 48 54
Hhnois A 531 594|642 68 73 ]1353 14431722 82 8.7 }1498 15321850 58 6.0 {1068 $104| 83.7 67 69 {1113 1168} 762 69 72
Pitisburgh, M| 419 634|422 47 65 404 536|611 42 51 333 1382] 828 31 35 404 488} 793 317 a3 390 5101663 39 49
Pannsylvania A 811 920|451 69 79 | 1753 1892{609 17 B4 1794 1827|822 54 56 | 1365 1409{ 718 7 62 65 ) 1430 1512/ 667 65 71
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Teble B-1 lcontinued]. MEAN SEASONAL AND ANNUAL MORNING AND AFTERNOON MIXING
HEIGHTS {H) AND WIND SPEEDS {U) FOR NOP? AND ALLY CASES.

Washington,
D.C

Winnemuccs,
Nevade

Winslow,
Acizons

»xT »2

>z

Winter Spring Summer Autumn Annus!

Hm U,m*_‘ H.m U,mnc" H.om U,m-c—' H.m U,mnc—' H.om U,mm“‘
NOP AN I NOP |NOP AN NOP AUD NOP | NOP Al NOP ANl I NOP| NOP Aft NOP All X NOP ;| NOP Al NOP Al [X NOP| NOP AN
539 672 7140 53 63 481 585 7175 47 54 378 421|840 31 Ja 359 436} 832 31 aa 439 528| 7196 42 49
963 1054] 7115 6.7 7.3 1795 1 45 15 1] 1884 1924| 83.4 54 656 1371 1412|843 62 64 1503 1570| 78 4 64 68
23t 301 832 28 11 343 434 B3O 36 41 117 129]85.2 26 27 179 2551826 29 234 217 280; 8315 30 34
100Y 1067| 825 45 49| 2699 2756 835 66 68| 3627 3656{ 926 61 62) 2095 2150903 52 541 2355 2407{87.2 56 58
206 223] 91.% 28 30 247 2700 942 40 42 221 232|938 32 33 198 213| 9t 9 2% 28 6 234 927 31 31
1078 1128[{ 915 53 56| 3160 3178 946 88 89 | 3801 3840{87.3 69 71}] 2243 2303{ 88 3 50 521} 2570 2613 904 65 67







APPENDIX B
TABLES FOR U. S. STATIONS FOR
(A) TOTAL AVERAGE DALEY 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,
CMDCTs 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 behaviors 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° will 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.

Our first task is to select WD(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 examples 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
IWD-array 1ie between 1 and NWD, the number of SWDs. The correct choice 4 of
numbers in the IWD-array, when the three SWDs shown in Fig. C-1 are used, 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 into the corresponding downwind sections 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 SWDs.

Next we consider the case of a single LMDCT oriented with its axis along an
east-west direction as shown in Fig. C-3. For linear towers, we recommend
three SWDs: 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 orientation 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 lies 22.5° away from iniine. Our
test calculations again show that the predictions for a wind direction 22.5°
away from inline differ little from those for a 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 NE-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 choice of the IWD-array 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 1lie
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 paralliel 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, 1122332211223322.
However, other choices could be defended. If the user wanted to emphasize the
inline orientation to increase far-field drift for exampie (to add
conservatism), the choice 1112332111123321 would make sense. When the
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symmetry lines of the tower complex are not simply related to central angles
of sectors, the choice obviously requires 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 crossflow. These are 16° and 106°. Now
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 associated 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 resuits is
1122222211222222. Neither of these selections of IWD is ideal, and here the
read advantage of using three SWDs 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 LMDCTs 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 l1ies 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 located
approximately along a 1ine. 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 line, and at 45° to the
line.
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Wy, (22.59)

/ Wyy (459)

IND(N) : 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



IWD(N) : 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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RN

IWD(N) : 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 LMDCT oriented with its long axis along a
NE-SW direction
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IWD(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 long
axes at an angle of 16° east of north



<<::::Axxs OF TOWERS
N

IWD(N): 1112222111122221

FIGURE C-6. Selection of two standard wind directions and the IWD-array for
a site with two parallel LMDCTs with their Tong axes at an angle
of 16° east of north
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