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FOREWORD

U, S. Army Dugway Proving Ground, Dugway, Utah, was responsible
for the coordination of this study effort,

The work was sponsored and funded By the office of the Program
Manager for the Demflitarizatfen of Chemfcal Materiel, Edgewood
Argenal, Aberdeen Proving Ground, Maryland, Staff asgistance through-
out the progrem was provided By Mr. D. L. Pugh and LTC R. L. Hanson
of the Program Manager's office. Significant contributions through-
out the program were also provided By LTC P. J. Madden and LTC R.

J. Murphy of the US Army Environmental Hyglene Agency, Aberdeen
Proving Grouad, Maryland. The diffusion models utflized in the
design of the fleld experiment were developed by Dr. Harrison E.
Cramer of the H. E. Cramer Company, Inc. Considerable assigtance

in the analysis phase of this program was provided by Mr. Jim howers
and Dr. Harrison E. Cramer of the H. E. Cramer Company, Inc.

Because of the bulk of test data contained in this report,
the report has been divided into two volumes: Volume I contains
Section 1, Summary; Section 2, Details of Study; and Section 3,
Appendices. Volume II contains Section 3, Appendices (Continued).
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SECTION 1. SUMMARY

1.1 BACKGROUND

A prototype facility for the disposal of unserviceable
stockpiled chemical agents and munitions, designated as the Chemi-
cal Agent/Munition Disposal System (CAMDS), is being developed for
use at the Tooele Army Depot, South Area, (TEAD-S), Utah, Operation
of the facility may result in the discharge of low concentrations
of air contaminants intc the atmosphere from several l5-meter smoke
stacks. Departm:nt of the Army guidelines for the disposal of such
X chemicai agents and munitions specify that the discharge ~f air
5 contaminants musit conform to existing State and Federal emission
. and air quality standards. Additionally, the concentrations of
agent present in the stack effluent must not exceed those spocified
for demilitarization operations. To comply with the Department
3 of the Army guidelines, a system of stack monitors and air quality
: samplers will Fe employed to provide measurements of astack discharges
- and of ambient air quality at the perimeter of the disposal site.
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Measurements of agent emissions will be made in real time,
at the alarm level, for positive plant control and with bubblers
to ensure compliance with the stringent emission standards adopted
for the program. Eight sampling stations located around the peri-
neter of the disposal area (Figure 1-1) will measure ambient concen-
trations of total oxidants, suspended particulate, sulfur dioxide
(802). nitrogen dioxide (NO,), and agents GB and VX. Meteorological
sensors located at the periphberal stations will measure wind speed
and wind direction at the 4-meter level. The meteorological and
air quality measurements at the eight stations will be recorded
for documentation purposes. The stack emissions measurements will
be available to the plant manager on a timely basis to provide current
information on euission levels and the effectiveness of the air
pollution control equipment,

© ~em
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This study was conducted to determine the meteorological
aspects of potential air pollution problems at TEAD-S associated
with stack dlscharges during the disposal operation. The specific
objective was to develop reliable prediction methods to be used
in conjunction with emissions data, meteorological data, and air
quality measurements to enaure that the stack discharges during
the disposal operation will not cause a significant deterioration
of air quality or cause the State and Pederal alr quality standards
and other standards imposed by the Army to Be exceeded at the TEAD-S
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boundaries. At the present time, the State of Utah has formally
adopted ailr quality standards only for suspended particulates.
The current Pederal primary and secondary air quality standards
for SO,, particulates, carben monoxide (CO), photochemical oxidants,
hydrocarbons, and NO2 are listed in Table 1-1.

The peripheral sampling network will be used to gather
1 year of ambient background concentrations of air pollutants prior
+ : to the start of the disposal operations. The information obtained
will provide data concerning long-term ambient air quality after
the disposal activities have begun. However, theoretical expecta-
tion and experience gained in monitoring ground-level concentrations
produced by emissions from industrial stacks indicate that an eight-
station sampling network of this type is incapable of measuring
maximum ground-level concentrations for averaging times of 24 hours
or less. The reason being that the angular width of the plume from
the combined stack emissions is of the order of a few degrees, and
the angular width of the wind direction sector occupied by the plume
e during short time periods (from, say, 1 to 24 hours) may range from
7 ‘10 to 45 degrees. A very dense network of sampling stations certain-
§ ly would be reruired to obtain accurate measurements of the maximum
£ concentration.
E‘,

ey

The cost of providing a sampling network of sufficient
density to determine compliance with short-term alr quality standards

: : i would be prohibitive. Consequently, the primary objective of this
° 4 stuay was to investigate the potential of using predictive mathe-
5 matical models in conjunction with emissions and meteorological

data to provide reliable estimates of maximum short-term ground-
level concentrations at the TEAD-S boundaries.

1.2 TEST OBJECTIVL

e e R

The objective of this study was to develop and verify
a mathematical prediction system which can be used to calculate
maximum short-term ground-level concentrations. at the boundaries
of TEAD-S resulting from air contaminants emitted into the atmos-
phere during demilitarization operations. The system must be fully
automated and designed for use by personnel having no specialized
meteoronlogical training. Further, the system must provide a high
X degree of confidence in the accuracy of the maximum concentrations
i calculated at the depot boundaries because the short-term Federal
] and State air quality standards are expressed in terms of concen-
' trations that may not be exceeded more than once per year. On the
other hand, the prediction system should not Be so conservative
that it will unreasonably restrict demilitarization operations.
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Table 1-1.

Federal Primary and Secondary Air Quality Standards*

Primary

Secondary

Sulfur Dioxide

Sulfur Dioxide

(a) 80 ug/n3 - annual arithmetic
. (0.03 ppm) mean ' (a) 1300 ug/m3 - 3-hour maximum

(b) 365 ug/m3 - 24-~hour maximum (0.5 ppm)

(0.14 ppm)
Particulate Matter Particulate Matter

(a) 75 ug/m3 - annual geometric (a) 60 ug/m3 - annusl geometric
. mean mean

(b) 260 ug/m3 - 24-hour maximum (b) 150 ug/m3 ~ 24-hour maximum

Carbon Monoxide Carbon Monoxide

(a) 10 mg/m3 - 8-~hour maximum (a) 10 mg/m3 - 8-hour maximum
(9 ppm) (9 ppm)

(b) 40 mg/m3 - l-hour maximum (b) 40 mg/m3 - 1-hour maximum

(35 ppm)

(35 ppm)

Photochemicai Oxidants

160 ug/m3 - l-hour maximum
(0.08 ppm)

Photochemical Oxidants

160 ug/m3 ~ l-hour maximum
(0.08 ppm) '

Hydrocarbons

160 ug/m3 - 3-hour maximum
(0.24 ppm) (6 to 9 a.m.)

Hydrocarbons -

160 ug/m3 ~ 3-hour maximum
(0.24 ppm) (6 to 9 a.m.)

Nitrogen Dioxide

100 ug/m3 - annual arithmetic
(0.05 ppm) mean

Nitrogen Dioxide

100 ug/m3 - annual arithmetic
(0.05 ppm) mean

*The Primary and Secondary Standards for 1, 3, and 24 hours are not to
be exceeded more than once per year,
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(The objectives of this program were modified somewhat from the
original objectives because of experience gained from demilitari-
zation operations at Rocky Mountain Arsenal as well as knowledge
acquired concerning the specific character of dispersion at TEAD-S.)

1.3 SCOPE

A total of 35 l-hour releases of Fluorescent Particle
(FP) tracer material were conducted at TEAD-S. The release height
of the FP for all trials was 32 meters to approximate the effective
release height of tHe buoyant plumes from the 15-meter stacks of
the CAMDS. Rotorod samplers were located at 5-degree intervals
at radial distances of 1 and 2 kilometers from the point of release,
which is adjacent to the proposed disposal site. Tracer source
strengths and meteorological measurements made during the trials
were used to test and refine the prediction system. Maximum observed
FP counts at each sampling arc, converted to dosages, were compared
with the dosages calculated by the prediction syscem.

The majority of the trials were conducted under meteor-
ological conditions which present particularly challenging situations
because they are unfavorable for the successful application of dif-
fusion models. Approximately one-half of the trials were conducted
during light wind-speed situations. Trials were also conducted
during transition periods with either increasing or decreasing low-
level stability.

1.4 SUMMARY OF RESULTS

Based on diffusion models and on the climatology of TEAD-S
and Dugway Proving Ground (DPG), a simplified prediction system
was developed to calculate maximum short-term ground-level concen-
trations of pollutants at the boundaries of TEAD-S resulting from
emissions from the CAMDS. 1In addition to a knowledge of stack parame-
ters and source emission rates, the prediction system requires hourly
average values of the mean wind sgpeed at 32 meters, the &4-meter to 32-
meter temperature difference, and the standard deviation of the wind

azimuth angle at 16 meters.

The simplified prediction system was verified by comnaring
maximum observed FP counts expressed as dosages at 1 and 2 kilometers
from point of emission, with calculated dosages for 31 of the 35
trials. The informatinn obtained from four trials was not used
because of insufficient meteorological data or because of incon-
sistencies in the sampling data. On the average, the calculated
maxim'm dosages exceeded the observed maximum dosages at 2 kilometers

w
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by a factor of ahout twa. In one trial only did the ohserved dosage
significantly exceed the calculated dosage; Rowever, the meteorolog-
ical conditions leading to the high observed counts for this trial
were hoth unusual and transient. The sampler data also clearly
showed that the eight peripheral monitoring stations will rarely,

if ever, measure the maximum sHort-term ground-level concentrations
at the depot Boundaries.

The possiBility of pooling (stagnatisn) wag also investi-
gated during the conduct of the trials. In nine of the trials, ad-
ditional samplers were placed off the installation at locations
known to have a potentfal for pooling. At only one sampling station
was a moderate dosage detected; the level detected was considered
to be ingigniffcant. It was concluded that off-post pooling is
unlikely to be a problem, However, there was evidence of pessible
pooling on the installatlon during several of the trials. Pooling
is discussed in Appendix IV. :

1.5 CONCLUSIONS

This study has shown that a simplified mathematical pre-
diction system can be used to estimate, with a high degree of con~
fidence, the maximum short-term ground-level concentrations of pol-
lutants (at the TEAD-S boundaries) resulting from chemical agent/

j munition disposal operatioms. A model of this type is the most
practical method for determining the maximum short-term concentrations
at the depot boundaries. ‘

The prediction system can be implemented either as a real-
time system or as an off-line system (for estimating maximum ground-
level concentrations that had existed at a preceding time), Either
mode of operation will require that continuous meteorclogical measure-
ments be made during disposal operations.

The real-time system model of operation will require a
mini~computer to process the meteorological data and to perform
the model concentration calculations, using source strengths ob-
tained from the continuous stack measurements or developed during
the initial checkout of the disposal facilicy. This mode of oper-
ation will provide the plant manager with a real-time method for
estimating the impact of the disposal operation on smbient alr quality.
The real-time system could also B2 used to provide hazard predictions
in the event of an accidential release of chemical agents during
the handling and transportation phases of the operation.

A mini-computer could be used to perform the time averaging
of concentration and meteorological data necessary to determine

e e 8 g,
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compliance with the State and Federal ajr quality standards.

The off-linc mode of operation would require continuous
logging of the data from the metecrological tower and a complete
vecord of source emissions data. The calculations would be performed
by using historical data records in conjunction with the prediction
zodel descriBed in thils report.,

1.6 RECOMMENDATIONS
It is recommended thlat:

a. The simplified ma’hematical prediction system be employed
during demilitarization operations to calculate the maximum short-
term concentrations at the depot boundaries.

b. The instrumented meteorological tower installed for
this study be retained for recording continuous meteorological measure-
ments during actual disposal operations.

c. A mini-computer be used to perferm the time averaging
of concentration and ueteorological data necessary to determine
compliance with State and Federal air quality standards.
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SECTION 2. DETAILS Q¥ THE STUDY

2.1 TASK OBJECTIVES

The objectives of the meteorslogical study for TEAD-S
weype:

L’ 8. To simulate the bBuoyant emissions froa the 15-meter
stacks of the CAMDS By a series of l-Hour releases of FP tracer
from a 32-meter tower located adjacent te the disposal site under
a vn#iety of meteorclogical conditions.

e b m o Ees

; B. To measure ambient temperatures, wind speed, wind
direction, and turbulence parsmeters during each trial.

¢. To determine the crosswind profile of ¥P counts for
each trial at downwind distances of 1 and 2 Rilometers from the
peint of release. :

d. To develop a prediction system to relate the FP source
strength and the meteorological measursments to the mamimum observed
counts at the sampling arca for each trial.

e. On the basis of the experience gained in completing

Objective d, to develop a prediction system which can be used-with
a high degree of confidence to rcalculate maximum ghort-term ground-
level concentrations at the boundaries of TFAD-S resulting from
air contaminants emitted into the atmosphere during disposal oper-
ations. The system must be capable of being fully automated and

of being used by personnel having no specialized meteoroslogical
training.

2.2 CRITERIA

2.2.1 Tracer Dissemination Rates

On the basis of model calculations, minimum FP tracer
digsemination rates were specified for nighttime and daytime trials.
These rates were approximately 6 grams per minute for nighttime
releases and 30 grams per minute for daytime releases.

2.2.2 Meteorological Limitations

\ There were no meteorological restrictions fer wind dir-
ection, relative humidity, air temperature, vertical temperature

Preceding page hiank
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gradient, gzround condition, or cloud cover. Teata‘were not con~
ducted during periads of fog, frest, or precipitation. Table 2-1
lists the numBer of trials scheduled fur each wind-speed category.
As indicated By the table, emphasis was placed on the nighttime
light wind conditions Because this regime is unfavoradle for the
application of mathematical diffusien models.

Table 2-1. MNumber of Trials Desired in Each Wind-Speed Category.

Time ' Wind-Speed Category (m sec~l)

Dsi 0-1.4 1.5-4.5 4,6-8.0 8.0
Daytime 3-5 3 3 1-2
Nighttime 12 3 3 1-2

2.3 SUPPLIES AND PACILITIES
2.3.1 Dissemination

An PP aerosol Skil Blower generator, Medel V, was used
for the disseminatien of the tracer material.

2.3.2 Tracer Material

A blue—green zinc sulfide tracer (Lot H-1096) was used
for nine trials, and two colors of zinc cadmium sulfide [green (Lot
782) and yellow (Lot 13)] were used for the remaining trials.

2.3.3 Sampling Equipment

The standard rotorod sampler, which was developed under
the sponsorship of DPG, was utilized ‘n this program., The samplers
were remotely controlled by a transmitter-encoder located at each
sampling station. The samplers were placed in pairs at each station,
and by activating one rotorod surface per trial, four trials could
be conducted before it became necessary to change the rotorods.
Portable battery-operated, manually-controlled rotorod gamplers
were also used during some trials,

2.3.4 Meteorological Equipment

The 32-meter dissemination tower was instrumented with
temperature sensors at the 1/2-, 4-, 16~, and 32-meter levels and
with bivanes and cup anemometers at the 4~, 16~, and 32-meter levels.

10
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An Automatic Data Acquisition System (ADAS) was installed at the

test site to record data frow the tower on magnetic tape. The data

wersz also displayed on chart rolis at the site. 1n addition, wind

direction and wind speed at the 2-meter level were measured at Stations o
2 and 6 of the peripheral monitoring network (Figure 2-1) and were o
telemetersd to the test site for display and recording. Pilot balloon :
(pibal) and surface weather odservations were taken at the test :
site. Rawinsonde olservations were taken at DPG and Salt Lake City :

on the day of each trial.

2.4 TEST PROCEDURES

2.4.1 Tracer Disgseminatien

Par each trial, FP tracer was continucusly disseminated
from the 32-meter tower level for 1 hour. The dissemination hopper
was checked for each trial and caliBrated frequently during the
teast program. The total amount of tracer disseminated during each
test was determined by weighing the hopper Before and after dissemi-
nation. The efficiency of the Skil Blower system had Been established
from previcus tests by using a vertical grid system and accounting
for all of the material. The efficiency was determined to be 100

percent aercsolization.

2.4.2 Sampling Procedures

Figure 2-1 shows the location of the 72 rotorod samplers
on each of the two sampling arcs as well as the eight peripheral ;
gsampling stations. Sampiers on the inner arc were located at a :
radial distance of 1 kilometer from the dissemination/meteorolog-
ical tower. Samplers 3 through 68 on |the cuter arc were located
at a radial distance of 2 kilometers from the release point. Table
2-2 gives the radial distances to Samplers 69 through 2. It was
necessary to locate thegse samplers beybnd 2 kilometers in order
to circumvent Area 10. All of the sam#ﬂers on both arcs were position-

ed at S-degree intervalg. \!

The sampling network was activated at the start of dissemi-
nation, and sampling was terminated after the tracer plume was estimated
to have completely passed the last downwind samplers. The time,
in seconds, required for the trailing edge of the tracer plume to
pass beyond 2 kilometers was estimated from vhe expression

T

£ [ - 20 (2-1)
%j “4m

ﬁ

B

b

2
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where u, 1a the mean wind speed in meters per second at the 4-
meter leVel measured over the l0-minute pericd following the termi-
nation of FP dissemination. Adjustments to t were made {f there
vas an increase or decrease in the 4-meter wifld speed Detween the
end of dissemination and the computed end of ssmpling time.

Table 2-2, Radial Distance to Samplers 69 Through 2 on the Second
Sampling Arc.

Sampler Number B Radial Distance (Meters)
69 3000
70 3100
71 , 3100
72 ' 3100
1 v 3000
2 2400

2.4.3 Meteorological Data Collection

All measurements oBitained from the meteorological tower
and Stations 2 and 6 were recorded on magnetic tape. All wind data
were recorded at the vate of one reading per second from each channel.
The temperature subsystem switched from leyel to level every 15
seconds. Thus, witlf temperature sensors at four tower levels, a
compiete cycle of the tower was made once each minute. The tape
drives were initiated prior to the start of dissemination and wera
operated until the end of sampling.

2.5 DISCUSSION

2.5.1 Prediction System Selection

The dosage and concentration medels that comprise the
mathematical basis of the TEAD-S prediction system are contained
in Appendix I. As depicted in Figure 2-1, the distances from the
demilitarization area to the depot Boundaries vary between 2 and
8 kilometers. At these distances, emissions from the 15-meter stacks
will almost always be uniformly mixed in the vertical within the
surface mixing layer. Thus, the box model given by Equation (I-10)
in Appendix I was selected to predict ground-level concentrations

13
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at the depot boundaries. The use of Equation (I-10) rather than
Equation (I-1) eliminates the necessity for measuring the standard
deviation of the wind elevation angle and simplifies the prediction
system without any significant loss of accuracy in the concentrations
calculated at the depot boundaries. In Figure 2-2, a comparison

is made of concentration profiles calculated from the box mcdel

given by Equation (I-10) and the full model given by Equation (I-1).
The profiles of the two models are shown to be in agreement beyond
about 2 kilometers, the distance at which the effluent becomes uni-
formly mixed in the vertical.

2.5.2 Meteorological Parameters

In addition to a knowledge of stack parameters and pol-

- lutant emission rates, the simplified prediction system requires

the following meteorological inputs:
a. Hourly mean wind speed u at 32 meters.

b.. Hourly standard deviation of the wind azimuth angle
at 16 meters.

¢. Temperature difference AT between 4 and 32 meters.

These meteorological parameters are eas!ly calculated
from measurements made with conyentional sensors mounted on the
single 32-meter tower. The height of the surface mixing layer H
may Be inferred from AT and 32-meter wind speed on the basis of
climatology for the site., To account fer unusual meteorological
conditions or system malfunctions, limits are set on the maximum
height of the surface mfxing layer und on the maximum hourly azimuth-
angle standard deviations used as model fnputs., These limits, which
were determined from measurements made BotH at TEAD—S and DPG, are
described below.

In the prediction system, the 4-meter to 32-meter temperature
difference AT is used as the primary indicator of atmospheric stability
and is interpreted as follows:

a. AT 2 42°C - Very Stable. The bulk of the plume will
tend to remain elevated and will come to the ground only by fumi-
gation. The height of the surface mixing layer is set equal to
the effective release height H for fumigation calculations.

b. |AT] <+2°C - Neutral. The plume will come to the
ground by turbulent mixing. The mixing height is determined on
the basis of the 32-meter wind speed as described in the following
paragraph.
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Figure 2-2. Comparison of Concentration Profiles Calculated by. the
Full Model Given by Equatinn (I-1) and the Box Model
Given by Equation (I-10).
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" the wind léimuth angle

c. AT <-2°C - Very Unstable. The mixing height is set
at 300 meters.

 __ _For the neutral stability category, the mixing height
is determined from an empirical relationship between the 2-meter
wind speed Uzy and H, developed from DPG data [see Equation (3-3) of
Cramer, et al., 1972](1). _This empirical expression is related
to the 32-meter wind speed U3om by a power law

Ugom ™ “2:‘(- 51 (2-2)

with p get equal to 0.15. The resulting eipression 1s

log B (a) = 1.18 + 0.1522 5, Ga sec ) (2-3)

Equation (2-3) 1s restricted in that the mixing height may not be

less than the effective release height H and may not exceed 150

‘meters. At first glance, the upper bound of 150 meters for H, ap-

pears to be unnecessarily restrictive; however unusually shallow
mixing height can occur at TEAD-S with high wind speeds_at low levels.
Figure 2-3 illustrates the relationship between H and ug, used

for the FP releases under neutral conditioms. n m

%or all stability categories, the standard deviation of
o, used in the calculations is not permitted
to exceed |30 degrees. Tﬁis value corresponds to the median hourly
0. observed at the Z-meter level at TEAD-S for a wind speed of 1
meter per ?econd. ,

2.5.3 Verification of the Prediction System

As discussed in Appendix I, the dosage model for a finite
release and the concentration model for a continuous source have
the same mathematical form. In the TEAD-S experiment, it was im-
practical to disseminate FP for a period sufficiently long to ob-
tain hourly average concentrations resulting from a continuous source.
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Thus, it was necessary to use the dosage form of the mcdel to verify
the prediction system. However, because of the mathenatical simil-
arity of the dosage and concentration models, verification of the pre-
diction system for dosages should provide confidence in the prediction
system for concentrations.

The prediction system was applied to 31 ¢¢ the 35 FP trials,

and the results were compared with the observed prek dosages at 1 and

2 kilometers, Trial B-1 was not used for comparison because of in-
sufficient meteorclogical data., Trials B~4 and 8-5 were deleted be=
cause in each case a preceding trial was conducted on the same day
using the same color of FP tracer, thus making it impossible to deter=
"mine which counts should be assigned to the second trial. Trial B-13R
was also deleted because of rotorod malfunctions and inconsistencies

in the sampler data, Brief descriptions of the 35 trials are contained
in Appendix II.

2.5.4 Rotorod Data Analysis

The raw count data for all of the trfals were plotted
for visual inspection and analysis. A legaritPmic smoothing process
of the form :

log ¢ + 2 log ¢

%

1-1 g tlogey,

[

= antilog

vas also performed, where c, fs the smoothed count at the 1th sampler.
The purpose of the smoothing was to obtain, by an objective method,

a smoothed profile of representative continuous crosswind distri-
butions. The plets of the smoothed counts at each arc for all trials
are shown in Appendix III. Isopleth maps of observed counts are
presented for selected trials in Appendix IV.

It should be noted that, with the exception of Samplers
69 through 2 on the second are, all of the samplers on an arc are - --
located at the same radial distance from the point of dissemination
(Fizure 2-1). The radial distances to Samplers 69 through 2 are
listed in Table 2-2. Because the downwind distance varies for these
adjacent samplers, the logarithmic smoothing process is not applic-
able In this area. The trials most affected, those with the peak
count in the vicinity of these samplers, are Trials A-3, B-11, and
B-12.

The peak smoothed and unsmoothed counts at each arc were
converted to dosages by means of the relationship
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c
D = P (2-5)
P  (Aspiration Rate)(Sampling Efficiency)

The rotorod equivalent aspiration rate was 41.3 liters per minute
(0,0413)cubic meters per minute). The sampling efficlency was deter-
mined By the type of FP used for a partfcular trial. Table 2-3 '
lists the sampling efficien:y, the peak smoothed and unsmoothed
counts at each arc far each trial. Smoothed peak counts and dosages
are not given for the second arc for Trfals A-3, B-1l, and B-12
because, as previously noted, the peaks occurred near the area where
the radial dfstance to the samplers was not standard. It should

be noted that the smoothed peaR counts and dosages are always less
than the corresponding unsmoothed values,

2.5.5 Model Calculations

The simplified predfctien system was used to calculate

the peak dosages at 1 and' 2 kilometers for each trial. In the case
of Trial A-3, where the higlest observed count on tl.e second 'arc

was located beyond 2 kilometers, tHe actual radial distance of 2400
meters to Sampler 2 was used as the calculation dlstance. 1In the
model calculations, the initial lateral source dimension o__ was

get equal to zero. That is, the source was treated as a pggnt source.
On the tasis of previous experience, the lateral diffusion coeffi-
clent ¢ was get equal to 0.9 and the distance X__ over which rec-
tilinear expansion occurs was set equal to 50 méfers. Source strengths
were determined by multiplying the total weight of the disseminated
FP by the particle density (number of particles per unit weight)
previously determined for each of the types of FP tracer. The dis-
semination efficiency was determined to be unity. The scaling coef-
ficient X, required to change the units of the calculated dosages
from particles-seconds per cubic meter to particles-minutes per

cubic meter, is 1/60.

Table 2-4 lists the source and meteorclogical inputs used
in the dosage calculations. Meteorological inputs include the mean
wind speed at 32 meters and the standard deviation of the wind azimuth
'angle at 16 meters for the hour of tracer dissemination. The stabil-
ity category was identified by the 4-meter to 32-meter temperature dif- -
ference AT for the hour of dissemination. It should be noted that many
trials were conducted during periods of light winds, and that the
sampling often continued for several hours beyond the termination
of disseminatfon. :

Tahle 2-5 ligts the calculated dosages at the two arcs
" for each triasl. The stalile trials are identified. The Josages
calculated for these trials are the dosages that could occur 1if
fumigation took place. The remainder of the trials are In the neu-
tral staBility category. No trials were conducted under unstcble
conditions.
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Table 2-4. Source and Meteorological Inputs
Source -
Trial Strength AT U32m 9 16m | Pm
(Particles hr 1) (°C) (m sec” (deg) (m)
A-1 1.765 x 1023 | +2.u 0.6 30.0 32
A-2 1.895 x 1013 ] +1.6 1.8 13.7 | a2
A-3 1.883 x 10°° | +0.7 1.4 21.6 32
A-4 1.786 x 10%3 | +0.7 0.7 30.0 32
A-5 2.895 x 1013 | +2.0 2.7 10.5 32
A-§ 1.821 x 1083 | +2.8 2.8 7.6 32
A-6R | 2.229 x 1073 | +0.3 3.7 15.7 56
A-7 1.768 x 1023 | +0.9 2.0 10.9 32
A-7R | 3.524 x 10%3 | +3.8 1.7 0.0 32
A-8 2.355 x 1073 | -o.u 3.5 30.0 52
A-9 3.315 x 1083 | -0.2 5.y 19.7 71
A-10 | 2.u81 x 10%% | -o.u 7.9 7.5 150
aA-11 | 2.893 x 10*3 | -o.8 9.2 30.0 | 150
B-2 1.665 x 1072 | +3.6 1.2 30.0 32
B-3 4,235 x 1022 | +2.0 1.5 30.0 32
B-6 6.601 x 1012 | -0.3 1.9 30.0 32
B-7 8.245 x 10°2 | +1.u4 2.1 30.D 32
E-8 5.138 x 1072 | -0.5 2.0 30.0 32
B-9 8.653 x 10%2 | +0.u 1.7 16.0 32
B-10 | 6.469 x 10%2 | +1.1 1.7 25.14 32
(Continued)
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Table 2-4. (Concluded) ‘ )
! Source I g H
Trial Strength AT 32 -1 A 16m m
(Particles hr~1) (°C) (m sec ) (deg) (m)
B-11 | 5.u88 x 1012 | +3.0 4.0 17.4 32
B-12 | 7.002 x 10%2 | +3. 2.1 18.7 32
D
B12R | s5.061 x 1012 | +2.8/ 1.5 30.0 32
B-13 | 8.182 x 1012 | +0.9 2.9 12.8 || w2
B-14 | 7.650 x 10%2 | +1.u 5.0 5.0 87 [
\ B-15 | 7.587 x 10%% | +1.8 5.5 8.8 || 105 i
B-16 | 4.011 x 10%2 | ‘+0.9 5.1 9.4 90 F
B-17 | 4.935 x 1022 | +o0.6 5.3 5.6 97 .
B-18 | 5.138 x 1022 | +1.0 5.5 12.6 || 108 :
. B ‘ i
B-19 | 5.915 x 10'2 | -0.5 10.4 10.6 150 ﬁ
| z
B-20 | 7.148 x 10%2 | 0.6 11.4 5.3 1| 1s0 1
‘ i
, ‘r’ ! I ’
A i
b
” !

23




Table 2-~5. Results of the Dosage Calculations

[Peak Dosage (p—min—m-B) at Indicated Distance

Trial
1 Kilometer 2 Kilometers
-1 1.439 x 107 7.694 x 108
A-2 1.128 x 107 6.030 x 10°
A-3 9.139 x 10° b4.145 x 10°
A4 1.248 x 107 6.674 x 10°
245 1.499 x 107 8.013 x 10°
A6 1.256 x 10’ 6.715 x 10°
A-6R 3.218 x 10° 1.721 x 10°
A-7 1.190 x 10’ 6.364 x 10°
a,_7R 1.014 x 107 5.422 x 10°
A8 2.026 x 10° 1.083 x 10°
A-9 2.530 x 10° 1.353 x 10°
A-10 1.294 x 10° 6.917 x 10°
A-11 2.828 x 10° 1.512 x 10°
832 6.788 x 10° 3.629 x 10°
453 1.381 x 10° 7.385 x 10°
B-6 1.700 x 10° 9.087 x 10°
B-7 1.921 x 10° 1.027 x 10°
3-8 1.257 x 10° 6.720 x 10°
B-9 4.669 x 10° 2.496 x 10°
B-10 2.199 x 108 1.176 x 10°
a1 1.157 x 10° 6.187 x 10°
4312 2.617 x 10° 1.399 x 10°
43-128 1.651 x 10° 8.825 x 10°
B-13 2.465 x 10° 1.318 x 10°

as a result of fumigation.

Stable trials. Calculated dosages are the dosages which might occur

b Calculation distance was 2.4 kilometers. (Continued)
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Table 2-5. (Concluded)

Peak Dosage (p—min~mf3) at Indicated Digtance
Trial
1l Kilometer 2 Kilometers
6 5
B-14 1.652 x 10 8.832 x 10
B3-15 7.011 x 10° 3.749 x 10°
B-16 4.366 x 10° 2.334 x 10°
B-17 8.050 x 10° 4.304 x 10° .
B-18 3.316 x 10° 1.773 x 10°
B-19 1.680 x 10” 8.982 x 10
3-20 3.704 x 10° 1.980 x 10°

2.5.6 Comparison of Observed and Calculated Dosages

The calculated peak dosages have Been compared with the
peak unsmoothed and smoothed dosages at hoth sampling arcs. As
preyiously noted, the simplified hox model used for the dosage cal-
culations iw less likely to be representative at the l-kilometer
arc than 1t 18 at 2 kilometers and longer downwind distances. Since
the prediction aystem will Be applfed at downwind distances of 2
to 3 kilometers, the results at the secend arc are of primary concern.

In TaBle 2-6, a comparison is made of the unsmoothed and
smoothed peak dosages (Table 2-3) with the calculated dosages (Table
2-5) for the nine staBle trfals. The oBserved to calculated ratio
should be zero for these trials unless fumigation occurred. In
this study, only those stable trials shewing a ratio of 1/10 or
greater were considered to be fumigation cases. The observed dos-
age 1s greater than or equal to 1/10 of the calculated fumigation -
dosage at one or both arcs for five of the nine trials (about 56
percent of the time). In those cases where the plume came down
at 1 kilometer, the average observed to calculated ratio is 0.52
for the unsmoothed dosages and 0.47 for the smeothed dosages. At
2 kilometers, the corresponding ratios are 0.37 and 0.42. 1In no
case did the observed fumigation dosage exceed the calculated fumi-~

gation dosage.
% The trials conducted under very stable conditions indicate
ﬁ that fumigation can occur at TEAD-S. Trials A-1, A~5, A-7R, and
® B-12 were morning releases with sampling continuing for at least
? 1 hour beyond termination of dissemination. Fumilgation is most
i

?
B
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and

likely to occur during morning hours although Trial B-12R indicates
that, with low-level releases, it may occasionally occur at night

due to processes other than solar heating of the surface. The absence
of significant counts at the outer arc for Trial A-5 may be an indi-
cation that the plume overrode a pocket of cold air. In the case

of Trial B-12, fumigation probably occurred near the end of the
sampling perlod when all of the FP had traveled beyond the 1-kilo-
meter arc and much of 1t beyond the 2-kilometer arc.

The other stable trials (A-6, B-1, B-3, and B-11) were
conducted during pericds when fumigation would Be least likely to
occur. Trials B-3 and B-1l were conducted on clear nights. Trials
A-6 and B~2 were morning releases; however, Broken to gvercast clouds
prevented any signiffcant solar heating and deepening of the surface
mixing layer.

Table 2-6. Ratio of Observed to Calr:iated Peak Dosages for the
Stable Trials

Observed to Calculated Ratio
Trial Unsmoothed Smoecthed
1 Kilometer |2 Kilcmeters |1 Kilometer |2 Kilometers

| A-1 0.28 0.26 0.27 0.19
A-5 0.42 0.08 0.29 0.08
A-6 0.00 0.00 0.00 0.00
A-7R 0.35 0.29 | 0.34 0.27
B-2 0.01 0.07 0.01 0.06
B-3 0.06 0.04 0.04 0.01
B-11 0.01 0.01 0.01 ——
B-12 0.00 0.11 0.00 —r——
B-12R 1.02 0.81 0.98 0.80
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In Table 2-7, the unsmoothed and smoothed peak dosages
(Table 2-3) are coupared with the calculated peak dosages (Table 2-5)
for the 22 neutral trials. For all trials, the average observed to
calculated ratio at 1 kilometer {s 0,38 for the unsmoothed dosages and
0.32 for the smoothed dosages. At 2 kilometers, the corresponding
ratios are 0,0 and 0.31, Thus, on the average, the simplified predic-
tion system ( verestimates the observed dosage by a factor of about two
at the 2«kilcieter arc.

The observed unsmoothed peak dosage exceeds the calculated
dosage at 2 k’lometers for Trials A-3, A-10, and B-20. The observed
smoothed peak dosage exceeds the calculated dosage at 2 kilometers
only for Trial A-10. The difference between the calculated peak
dosage and the unsmoothed observed peak dosage for Trial B-20 is
less than 5 percent and is within the range of possible experiment-
al error. A period of nearly calm winds followed by an approximate
180-degree wind shift probably accounts for the high observed dosage
at the second arc for Trial A-3. There is a significant failure
of the prediction system only in Trial A-10. A careful inspection
of the meteorological data for Trial A-10 shows that the mixiag
height was only 75 meters, whereas the prediction system assigned
a mixing height of 150 meters, Substitution of the correct mixing
height would bring the observed and calculated dosages into very
close agreement.

We believe that Trial A-10 represents an infrequent event
that does not warrant lowering the maximum value of the mixing height
from 150 meters, as assigned by the prediction system, to 75 meters.
An inspection of Salt Lake City and DPG rawinsonde observations for
that day shows that warm air was overriding a very shallow layer
of cold air. A mixing height as low as 75 meters occurring simul-
taneously with a wind speed of 8 meters per second is a rare and
probably very transient condition which should not occur more than
several times per year. To alter the prediction system by a further
lowering of the maximum possible mixing height would make the system
unnecessarily restrictive.

There are nine neutral trials in which the observed un-
smoothed dosage at 2 kilometers 1s less than 30 percent of the cal-
crlated dosage. In Trials A-6R, B~7, B-17, and B-18, inspection
of pibal and tower data indicates that the actual mixing height
exceeded the mixing height assigned by the prediction system leading
to an overestimation of the peak dosage at 2 kilometers. Also,
Trials B-9, B-10, and B-1l4 were evening or nighttime releases during
which a shallow layer of cold air at the surface could have caused
the majority of the FP tracer to override the samplers. There are
no readily apparent explanations for the low observed dosages in
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Ratio of Observed to Calculated Peak Dosage for the

S LA T e,

Table 2-7.
Neutral Trials
Observed to Calculated Ratio
Trial Unsmoothed Smoothed
1 Kilometer |2 Kilomet%ra 1 Kilometer |2 Kilometers
A-2 0.59 0.79 0.49 0.67
A-3 | 0.49 1.36 0.45 . —
. A~4 ?y‘ 0.25 0.46 0.25 0.46
A-6R 0.29 0.04 | 0.28 0.02
A-7 0.26 0.36 { 0.23 0.35
A-8 0.11 0.05 ! L 0.11 0.05
A-9 0.16 0.06 0.15 0.05
A-10 2.08 2.21 1,50 1.55
A-11 1 0.93 0.36 0.70 0.33
B-6 0.18 0.33 | 0.18 0.32
B-7 0.09 0.22 ! 0.08 0.15
B8 , 0.55 0.62 0.47 0.54
B-9 0.05 0.06 0.04 0.05
B-10 0.00 0.04 0.00 0.04
p-13. 0.00 0.86 0.00 0.37
3-14] 0.00 0.00 0.00 0.00
B-15 0.00 0.51 0.00 0.07
B-16 0.03 0.67 0.03 0.61
B-17 0.11 0.19 0.02 0.17
B-18 0.01 0.26 0.01 0.18
B-19 1.23 0.41 1.08 0.30
B-20 1.03 1.03 0.96 0.19
.
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Trials A-8 and A-9. Howeyer, since these two trials were conducted
during a 3-hour period on the same day, this may haye led to experi-
mental difficulties with dissemination or sampling.

2.5.7 Advantages of the TEAD~S Prediction System and its
Applicatien to Other Sites

The diffusion model selected for the TEAD-S prediction
system is a specialized form of the Gausefan plume model for a con-
tinuous elevated point source used By the Environmental Protection
Agency (Turner, 1969)(2) and others. There are several important
advantages of this specialfzed ferm. The use of the box-model concent
mentioned above allows the vertical dimension of the plume at the
TEAD-S boundaries to be fixed By one meteorological parameter i.e.,
the height of the surface mixing layer. Simple methods for calcu-
lating the height of the gurface mixing layer from on-site temper-
ature gradient and wind-speed measurements were developed during
the TEAD-S study and are described in Section 2.5.2. Also, in the
TEAD-S prediction model, the crosswind (lateral) plume dimension
at the depot boundaries is directly celculated from on-site measure-
ments of the hourly standard deviation of the azimuth wind-direction
angle. ternatively, in the modeling techniques described by Turner
(1969)(2 , the lateral and vertical plume dimensions are determined
from sets of semi-empirical curves which apply strictly to 10-minute
averaging times (rather than hourly) and are principally based on
limited measurements made in fair weathev at relatively short distances
downwind from ground-level sources. It is generally recognized
that use of directly-measured meteorological parameters to predict
lateral and vertical plume dimensions is much preferred over the
use of the standard expansion curves given by Turner (1969)(2),

The general form of the simplified diffusion model selec-
ected for the TEAD-S prediction system 1s applicable at other sites
provided the minimum distance from the source to the site boundaries
13 of the order of 2 kilometers and the effective source height
is not greatly increased. If these conditions are not satisfied,
appropriate mcdifications could easily be made in the model format
to accomodate new source parameters and/or shorter downwind distances.
The values of the surface mixing height, hourly standard deviation
of azimuth wind directfen and other meteorological predictors determined
for TEAD-S are nat generally applicable to other sites. Appropriate
values of these parameters are best determined at each site from
a limited meteorological measurement program and a review of the
site climatology and topograpliy. Except for sites with extremely
complex terrain, the level of effort required to develop appropriate
predictionemodel formats and meteorological inputs is small compared
to the effort required for the TEAD-S study and does not involve re-
leases of tracer material,
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SECTION 3. APPENDICES

APPENDIX I, DOSAGE AND CONCENTRATION MODELS

The centerline ground-level dosage at downwind distance x pro-
duced by an elevated point or volume source is given by

2
-]
x,0,0 To o o exp-zU exp 5
¥4 Z i1 20'2“
, 2
-(21}gn+}{) (1-1)
207
z

where
Q = the source strength

0,0

7%z = the standard deviétions of the lateral and vertical cvh-

centration distributions
u = the mean wind speed

K = a scaling coefficient to convert input.parameters to
dimensionally consistent units

Hm = the height of the surface mixing layer

H = the effective release height of the source

The standard deviation of the lateral concentration distribution
ay is given hy

x + xy - xry (1-a)
= o' ({7 I-2
a oA{} xry (I-2)




and

. .
o - . < g!
ot *Ry ’ ayo<aA{T) Xy )
o 1/
ax ; “TXp, tX_(-a); 0 > o' {r}g
O {1/ x Y A
ry\°, ry ry yo ‘ry (1-3)
where '

g. = the standard deviatlon of the lateral concentration disg-
¥o tridutfon at a dewnwind distance ny frem the seurce

- the downwind dfstance from the virtual point source over
y wiich rectilinear lateral expansion oceurs

& = the lateral diffusten coefficlent

LA
GA{T} = the standard deviation of the wind azimuth angle In radtans
measured over the emisgien time

The standard deviation of the vertical concentration distribution
9, ia given by

x+tx -x (1—3)13
o = o'y z Iz ©(I-4)
z E rz B x

Where o 13 the standard deviation of the wind elevation angle in
radians”and 8 1s the vertical diffusion coefficient. The other
terms in Equation (I-4) are analogous to those in Equations (I-2)
and (I-3).

For a thermally buoyant source, the effective release height
H is equal to the sum of the actual stack height h and the buoyant
rise Ah. Briggs (1970, 1972)(3:4) Gefines the buoyant rise Ah by

1/3
£y g
7.469(h 2 <o
F) 36 :
Pales) 0 B o
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where
M
gVTa MS Ts ¢ o Mg s
Fe S M T (%)
Te ™ "a a pa a
39
S= ‘g‘-— (1'7)
3z
Ta .

V = the volumetric emission taté of the stack
g = the acceleration due to gravity
T = the ambient air temperature (°K)
T = the stack exit temperature (°K)
M = the molecular weight of air
M = the molecular weight of the stack gas

c__ = the specific heat of air

pa
cps = the specific heat of the stack gas
38 = the ambient vertical gradient of potential temperature
3z
The standard deviation of the lateral concentration distribution
ovo at the downwind distance of plume stabilization ny is given by
s = (0.5) Ah ‘ (1-8)
yc 2.15
where a0
. = =0
10 h Y oa '
X = : (1-9)
Ry _8-1/2' A,
mus ' Dz
I-3




The infinite series term in Equation (I~1) acts to change the
form of the vertical concentration distribution from Gaussian to
rectangular at long downwind distances where the source becomes
uniformly mixed in the surfa.e mixing layer. At these distances,
an equivalent expression for kruation (I-1) is

KQ
D{X,O, O} = ./2—7; a0 H (1-10)

y m

Equations (I-1l) and (I-10) may also be used to calculate the
centerline ground-level concentration at downwind distance x produced
by an elevated continuous point or volume source. In order to cal-
culate concentration, the source emiggion rate Q must be gubstituted
for the source strength Q and o, {1} must be measured over the desired
concentration averaging time.




APPENDIX II. TRIAL SUHMARIE§

~ This Appendix contains brief descriptions of the 35 FP tracer
trials, Each description incluces date of each trial, digsemination

and sampling times, grouns conditions, sky cover, 4-meter to 32-meter

temperature differzace, estimated mixing height, and a brief summary
of the low-level wind conditions observed throughout the trial.
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Trial: A-1 Date: 2 February 1973
Disgemination: 1035-1135 MST Sampling: 1020-1300 MST ]
Sky Cover (tenths): 9 to 10 :
Ground t.ndition: Snow Covered
4-32 meter AT (°C): + 2.4
Estimated Mixing Height (m): 30-40

Remarks:

The 32-meter wind at the start of the trial was from the south-
east at about ! meter per second and shifted to tbe northwest at
1125 MST. Pibals showed souctheast winds at about 3 meters per
! second at a height of 40 meters throughout the trial.

Trial: A-2 Date: 5 February 1973
Disgemination: 1230-1330 MST Sampling: 1228—1415 MST
! Sky Cover {(tenths): 4 to 5 )

Ground Condition: Snow Covered :
4-32 Meter AT (°C): + 1.6
Estimated Mixing Height (m): 150 %

Remarks:

The 32-meter wind was from the scutheast at about 1 meter per
second at the start of the trial, increasing to 4 to 5 meters per
second by 1400 MST. Pibals also showed low-~level winds from the
southeast through south with wind speeds increasing throughout the
sampling period.
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Trial: A-3 Date: 7 February 1973
Dissemination: 0907-1007 MST Sampling: 0903-1115 MST
Sky Cover (temths): 10

Ground Condition: Snow Covered
4-32 Meter AT (°c): + 0.7 ,
Estimated Mixing Height (m): 150 decreasing to 40

Remarks:

Occasional light snow fell during this trial. The 32-meter
wind was from the northwest at 1 to 2 meters per second at the
start of the trial, calm at 0950 MST, variable from southeast
to northeast at less than 1 meter per second by 1014 MST, switching
to the north-northeast at 1034 MST and to the north-northwest by
1045 MST. Pibals also showed low-level winds initially from the
northwest switching to the southeast at 1037 MST and returning to
the north-northwest by 1107 MST. ‘

Trial: A-4 Date: 13 February 1973
Dissemination: 0918-1018 MST Samplihg: 0910-1114 MST

Sky Cover (tenths): 2 (Cirrus)

Ground Condition: Mostly snow covered; southern portion of grid
covered by water

4-32 Meter AT (°C): + 0.7
Estimated Mixing Height (m): 200

Remarks:

The 32-meter wind was from the southeast throughout the trial
with an average speed of about 1 meter per second. Low-level wind
speeds Iincreased slightly towards the end of the sampling perioed.
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Trial: A-5 Datet 26 April 1973
Dissemination: 0610-0710 MST Sampling: 0610-0830 MsST
Sky Cover: Clear, but hazy )

Ground Condition: Dry

4~32 Metar AT,(OC): + 2.0

Estimated Mixing Height (m): 30-40

Remarks:

The 32-meter wind was from the south-southeast at about 1
meter per second from 0610 to 0720 MST. At this time, the speed
decreased and the direction became quite variable, although still
generally from the south-goutheast. Pibals showed light winds
from the southeast near the surface throughout the trial.

Trial: A-6 Date: 31 January 1973
Dissemination: 0910-1010 MST Sampling: 0831-1110 MST
Sky Cover (tenthsg): 7 tc 8

Ground Condition: Snow covered

4-32 Meﬁer AT (OC): + 2.8 ,H

Estimated Mixing Height (m): fO«AO
Remarks: ;;‘

The 32-meter wind was from the east through southeast at 1 to
2 meters per second from 0910 to 1040 MST. At this time, the wind
became calm and then switched to the northwest at about 2 meters
per second., Pibalg also showed an approximate 180-degree wind
shift near the surface between the start of dissemination and the
end of sampling.
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Trial: A-6R Date: 8 May 1973
Dissemination: 0905-1005 MDT Sampling: 0904-1019 MDT
Sky Cover (tenths): 6

Ground Condition: Dry

4-32 Meter AT (°C): +0.3

Estimated Mixing Height (m):150

Remarks:

A strong nocturnal inversion was dissipated by release time.
The 32-meter wind was from the southeast at 3 to 4 meters per
gecond throughout the trial, Pibals ghowed winds from the scuth-
east up to 150 meters with winds from the southwest above 150
meters.

Trial: A-7 Date: 1 February 1973
Dissemination: 1156-~1256 MST Sampling: 1150-1433 MST
Sky Cover (tenths): 1 to 3

Ground Condition: Snow covered

4-32 Meter AT (°C): +0.9

Estimated Mixing Height (m): 150

Remarks:

The 32-meter wind was from the northwest ar 2 meters per
second at the start of the trial. The speed dropped below 1
meter per second at 1256 MST with the direction apparently shifting
to the southeagt. Pibals also reflected a wind shift from north-
northwest to southeast near the surface.
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Trial: A-7R Date: 15 May 1973
Dissemination: 0627-0727 MDT Sampling: 0630-1000 MDT
Sky Cover: Clgar

Ground Condition: Dry

4-32 Meter AT (°C): + 3.8

Fatimated Mixing Height (m): 30-40

Remarke:

The 32-meter wind fluctuated from southeast to gouthwest with
speeds of 1 to 3 meters per second. The ADAS system was inoperative
during the periods 0741 to 0747 and 0818 to 0820 MDT. Pibals also
showed winds fiom the southeast through southwest at 1 to 3 meters
per second at about 40 meters throughout the trial.

Trial:  A-8 Date: 4 April 1973
Disgsemination: 1400-1500 MST Sampling: 1345-1520 MST
Sky Cover (temths): 1

Ground Condition: Dry

4=32 Meter AT (°C): - 0.4

Estimated Mixing Height (m): 150

Remarks:

Northwest winds at 2 to 4 meters per second prevailing
throughout the trial at the 32-meter level,

I1-6
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Trial: A-9 Date: 4 April 1973
Dissemination: 1526~1626 MST Sampling: 1522-1646 MST
Sky Cover (tenths): 1 to 2 '
Ground Condition: Dry
4-32 Meter AT (°C): - 0.2
Estimated Mixing Height (m): 150
Remarks:
The 32-meter wind fluctuated from northwest through north at

3 to 4 meters per second at the start of the trial with the speed
increasing to about 6 meters per second by 1616 MST.

R R

Irial: A-~10 ‘ ‘ Date: 4 April 1973
Dissemination: 1747-1847 MST Sampling: 1744-1907 MST™
Sky Cover (tenths): & to 7

Ground Condition: Dry

4-32 Meter AT (°C): - 0.4

Estimated Mixing Helght (m): 75

Remarks:

Northwest winds at 8 to 9 meters per second prevailed at the
32-meter level from 1747 to 1817 MST, decreasing to 5 to 6 meters
per second at this time. Pibals also showed moderate to strong
northwest winds near the surface with the height of the maximum
wind speed varying from 150 to 40 meters.

AT
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Trial:  A-ll Date:
Dissemination: 1532-1632 MDT Sampling:
Sky Cover (tenths): 6 to 10

' Ground Condition: Dry

4-32 Meter AT (°C): - 0,8
Estimated Mixing Height (m): 150

Remarks:

31 May 1973
1529-1632 MDT

The 32-meter wind was from the southeagt through southwest at
6 meters per second from the start of dissemination until 1612 MDT
when the 32-meter wind shifted to weat at 12 meters per second.
Pibals showed low-level winds switching from southeagt to west to

northwest during the trial.

Trial: B-1 Date:
Digsemination: 0650-0750 MST Sampling:
Sky Cover: C(Clear, but hazy

Ground Condition: Snow covered

4-32 Meter AT (OC): Missing

Estimated Mixing Height (m): 30-40

Remarks:

24 January 1973
0340-0920 MST

The 32-meter wind was light and variable throughout the test
period. Pibals showed light winds from the southeast through

southwest above 40 meters.
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Trial: B-2 Date: 29 January 1973
Digsesemination: 0713-0813 MST Sampling: 0706-0930 MST
Sky Cover (tenths): 10

Ground Condition: Frozen

4-32 Meter AT (°C): + 3.6
Eastimated Mixing Height (m): 30-40

Remarks: )

The 32-meter wind was from the southeast at about 1l meter
per second throughout this trial.

Trial: B-3 Date: 13 February 1973
Disgemination: 0527-0627 MST Sampling: 0518-0652 MST
Sky Cover (tenths): O to 1 (Cirrus)

Ground Condition: Snow covered

I 4-32 Meter AT (OC): + 2.0
hf Estimated Mixing Height (m): 30-40 |

Remarks:

The 32-meter wind was from the east through southeast at about
2 meters per second from 0527 until about 0620 MST when the
direction changed to north-northeast. Fibals showed winds at 40
meters to be from the southeast or south throughout the trial.

SRR A R R
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Trial: B-4 Date: 2627 March 1973

Dissemination: 2307-0007 MST Sampling: 2304-02185 MST
Sky Cover: Clear (includes Trial B-5)

Ground Condition: Dry
4-32 Meter AT (°C): + l.4
Estimated Mixing Hetght (m): 30-40

Remarks:

Trial B-13 was conducted earlier in the day using the same
color of FP as for Trial B-4. Pibals showed the wind at 40 meters
to be from the southeast at 2 meters per second at 2310 MST becoming
nearly calm at 2340 MST and switching to the northwest at 1 meter
per gecond by 0018 MST. Since the low-level winds for Trial B-13
were from the north until 2150 MST before switching to the southeast
gome FP from Trial B-13 may have been recorded in Trial B-4,
especially at the second arc.

Trial: B-5 Date:z 27 March 1973

Dissemination: 0018-0118 MST Sampling: 2304~0218 MST

Sky Cover (tenths): 3 (includes Trial B-4)

Ground Condition: Dry
4-32 Meter AT (°C): + 2.3
Estimated Mixing Height (m): 30-40

! Remarks:

Trial B-16 was conducted earlier in the day using the same

color of FP. The wind at 32 meters was northwest at about 1 meter
. per second throughout the trial. The FP cloud from Trial B-16

probably traveled south, then to the northwest and finally
turned toward the southeast at the start of sampling for this
trial. Because of the early sampler turn on, FP from Trial B-15
may have contributed to counts observed in Trial B-5, eapectfally
at the 2-kilometer arc.
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Trial: B-6 Date: 9 April 1973
Disgemination: 1930-2030 MST Sampling: 1928-2049 MST
Sky Cover (tenths): 8 to 10

Ground Coandition: Dry

4-32 Meter AT (°C): - 0.3

Estimated Mixing Helght (m): 75

Remarks:

The 32-meter wind was quite variable with the direction chang-
ing from northwest at 1930 MST to north at 1940 MST, to northeast
at 1950 MST, and to southeast at 2020 MST. Pibals showed a similar
variability in the wind diractions near the surface.

Trial: B-7 ‘ Date: 3 April 1973
Disgemination: 2048-2148 MST Sampling: 2049-0107 MST
Sky Cover (temths): 5 to 10

Ground Condition: Dry

4-32 Meter AT (°C): + 1.4

Estimated Mixing Height (m): 75-40

Remarks:

The 32-meter wind was from the southeast at 2040 MST,
southwest at 2100 MST, northwest at 2110 MST, north at 2120 MST
and northwest ~fter 2130 MST. The wind speseds remained at 1 to
2 meters per sruond throughout the sampling period. Pibals
showed a simiiar variability ia the low-level winds.

N 0 B
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Trial: B-8

Dissemination: 1955-2055 MST
Sky Cover (tenths): 9

Ground Conditionm: Dry

4-32 Meter AT (°C): - 0.5
Estimated Mixing Height (m): 40

Remarks:

second at 2105 MST.

Date: 10 April 1973

Sampling: 1948-2130 MST

The wind at the 32-meter level remained from the northwest
throughout the trial with the speed increasing from about 1 meter
per second at the start of disgemination to about 4 meters per

Trial: B-9
Dissemination: 2222-2322 MST
Sky Cover (tenths): 9

| Ground Condition: Dry

4-32 Meter AT (°C): + 0.4

Remarks:

Date: 10 April 1973

Sampling: 2221-0010 MST

Estimated Mixing Height (m): 30-40

The 32-meter wind varied from west through north-northwest
at 1 to 2 meters per second throughout the trial.
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Trial: B-10 Date: - 26 April 1973
Dissemination: 0420-0520 MST Sampling: 0417-0610 MST
Sky Cover: Clear
Groﬁnd Condition: Dry
4-32 Meter AT (°C): + 1.1
Egtimated Mixing Height (m): 30-40
Remarks:

The 32-meter wind was from the south at about 1 meter per
second from the start of dissemination until 0550 MST. At this
time, the wind became light and variable with the wind generally

from the east. The ADAS svsten was inoperative from 0450 to 0455
MST.

Trial: B-l1 Date: 8 May 1973
Dissemination: 0316-0416 MDT Sampling: 0304-0540 MDT
Sky Cover: Clear

Ground Condition: Dry

4-32 Meter AT (°C): + 3.0

Sstimated Mixing Helght (m): 30-40

Remarks:

The wind near the surface was very light while the wind at
32 meters was from the southeast at 3 to 4 meters per second
throughout the trial.
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Trial: B-12 Date: 8 May 1973
Dissemination: 0553-0653 MDT Sampling: 0551-0825 MDT
Sky Cover (tenths): O to 5
Ground Condition: - Dry
4-32 Meter AT (°C): + 3.4
Estimated Mixing Height (m): 150
Remarks:
The 32-meter wind was from the southeast at about 2 meters

per second throughout the trial. The strong nocturnal inversion
present during dissemination was dissipated by 0752 MDT.

< R e B

Trial: B-12R Date: 15 May 1973
Dissemination: 0402-0502 MDT Sampling: 0352-0630 MDT
Sky Cover: Clear

Ground Condition: D;;

4-32 Meter AT (°C): + 2.6

Estimated Mixing Height (m): 30-40

Remarks:

The 32-meter wind, initially from the scutheast at 1 meter
per second, became variable at 0422, switched to north at less
than 1 meter per second at 0452 and then veered to the northeast
{ : at 1 to 2 meters per second at 0532 MDT. Pibals showed the same

| variability in the wind speed and wind direction at 40 meters.
The ADAS was inoperative from 0442 to 0445 and from 0550 to 0602
; MDT. :
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Trial: B-13 Date: 26 March 1973

Dissemination: 2041-2141 MST Sampling: 1925~2304 MST(no. half)
2020~2304 MST(so. half)

Sky Cover: Clear (includes Trial B-16)
Ground Condition: Dry

4-32 Meter AT (°C): + 0.9

Estimated Mixing Helght (m): 150

Remarks:

The 32-meter wind was from the northwest at 2 to 3 meters
per second from the start of dissemination until 2150 MST when

the direction changed to the southeast.

Trial: B-13R Date: 4 April 1973

Dissemination: 1912-2012 MST Sampling: 1911-2052 MST
Sky Cover (tenths): 3 to 4

Ground Condition: Dry

4-32 Meter AT (°C): + 0.8

Estimated Mixing Height (m): 150

Remarks:

Trial A-9 was conducted earlier in the day with the same
color of FP. The 32-meter wind was from the northwest at 4 meters
per second at the start of dissemination with speeds decreasing
to 2 to 3 meters per sescond by 2012 MST. At 2022, the 32-meter
wind shifted to the northeast at 1 to 2 meters per second. The
ADAS System was Iinoperative from 1940 to 1942 MST.
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Trial: B-l4 Date: 29 March 1973 3
4
i
Dissemination: 2006-2106 MST Sampling: 1852-2206 MST(so. half) 4
2057-2206 MST(no. half) +
Sky Cover (tenths): 0 to 7 (includes Trial B"l?) f
Ground %ondition: Dry ﬁ
4-32 Meter AT (°C): + 1.4
Estimated Mixing Height (m): 153 :
Remarks: ‘ i E
i
The 32-meter wind was f%pmwtha northweat at 4 to 5 meters E'
per second at the start of uiaéemination with wind speeds ?
decreasing to 2 to 3 meters per second at the end of sampling. :
|
i i
Trial: B-15 Date: 29-30 March 1973
: 4
: 4
Dissemination: 2336-0036 MST Sampling: 2228-0122 MST %
» P i
Sky Cover (tenths): 0 to 1 : §
Ground Condition: Dry ; %
\ 4-32 Meter AT (°C): + 1.8 | ?
N | ‘ |
\\/ Estimated Mixing Height (m): 150
Remarks: } :
Trial B-14 was conducted prior to this trial using the same
color of FP. The 32-meter wind was f_.a the northwest at about
6 meters per second at the start of diseemination with speeds
decreasing during the sampling period.
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' Trial: B-16 Date: 26 March 1973

Sampling: 1925-2145 MST(so. half)
2020-2145 MST(no. half)
(includes portion of
Trial B-13)

Digssemination: 1928-2028 MST
Sky Cover (tenths): 2

Ground Condition: Dry

4-32 Meter AT (°C): + 0.9
Eatimated Mixing Height (m): 150

Remarks:

The 32-meter wind was from the northwest at about 5 meters
per second from 1928 MST until about 2140 MST. At this time, the
speeds decreased and the wind direction changed to the east, p r-
sisting until 2250 MST when the direction changed to southeast.
The 32-meter wind switched to the northeast at about 2330 MST.
The probable net effect of the changes in wind direction was to
bring the FP cloud back over the 2-kilometer sampling arc after the
cloud had earlier passed beyond the arc.

Trial: B-17 Date: 29 March 1973

Sampling: 1852-2206 MST(so. half)

2057-2206 MST(no. half)

0 to 7 (includes portion of
Trial B-14)

Dissemination: 1900-2000 MST
Sky Cover (tenths):
Ground Condition: Dry

432 Mater AT (OC): + 0.6
Estimated Mixing Héight (m) : 150

Remarks:

Steady northwest winds at 3 to 6 meters per second prevailed
throughout the trial at the 32-meter level.
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Trial: B-18 Date: 28-30 March 1973
Dissemination: 2230-2330 MST Sampling: 2218-0122 MST

) (Includes Trial B-15)
Sky Cover (tenths): 0 to 7

Ground Condition: Dry

4=32 Meter AT (°C): + 1.0
Estimated Mixing Height (m): 150
' Remarks?

Trial B-17 was conducted prior to this trial using the same
color of FP. At the 32-meter level the wind was from the north-
weat at 4 to 6 meters per second until about 0100 MST when the
speed began to decrease, lowering to less than 1 meter per second

by 0130.
Trial: B-19 - Date: 28 March 1973
Digsemination: 1925~2025 MST Sampling: 1923-2036 MST

Sky Cover (tenths): 10
Ground Condition: Dry
432 Meter AT (OC): - 0.5
Estimated Mixing Height (m): 75
Remarks:
The 32-meter wind was from the north-northwest at about 10
meters per second throughout the trial. Light snow began to fall

at approximately 2020 MST with strong winds and moderate snow
after the end of sampling and prior to rotored pickup.
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Date: 28 March 1973

Trial: B-20
Disgsemination: 2232-2332 MST Sampling: 2212-2341 MST

Sky Cover (tenths): 10

Ground Condition: Dry, but with light anow falling

4-32 Meter AT (°c): - 0.6
Estimated Mixing Height (m): 75

Remarks:

The 32-meter wind was from the northwest at about 1l meters
per second throughout the trial, Light snow fell throughout
dissemination and sampling. Moderate snow and high winds occurred
after the termination of sampling, but prior to the collection of

the rotorods.
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APPENDIYX III. SMOOTHED CROSSWIND COUNT PROFILES

This Appendfx contains log-emoothed crosswind profiles of total
observed counts at the l-kflometer (A) and 2-kilometers (B) arcs
for each trfal. The smoothing procedures are descriBed fn detail
in Paragraph 2.5.4.
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Isopleth analyses of adjusted rotored particle counts graphi-
cally express some of the diffusion conditions experienced in a
field test. The rod count was adjusted for sampling efficiency
of FP used in each trisl. Since the density of sampling was not
sufficient for a very reliable analysis, it was necessary, in some
Cases, to resort to interpretation in developing the isopleth patterns.
For this reason, only a few exaaples have been included. The ex-
amples provide validation for some of the connlusions derived.

L3

Trial B-20 is representative of a high wind-speed nighttime
J situation with vary little evidence of lateral diiution (Figure
IV-1). This trial is a good example of a narrow plume which can
) conceivably travel unletected between two sampling stations. It
is evident from this example, that in order to detect peak concen-
§ trations at any given poiant, a mich more dense sampling network.

1 would be required at the periphery of TEAD-S.

' l : APPENDIX IV. ISOPLETH ANALYSIS
i

Trial B-15 {s a typical example of a cloud remaining aloft
in moderate wind-speed nighttime conditions (Figur2 IV-2). Trial
A-10 13 an example of moderate wind speed conditions with a mini-
mum of lateral dilution capabilities evident (Figure IV-3), repre-
), senting a well-behaved dilution pattern for daytime conditions.
Trial B-9 provides an example of a narrow dilution pattern for a
1ight wind-speed :ighttime situation (Figure IV-4), It is evident
that a more dense setwork of samplers would be required at the periphary
for this type of ailution situation.

e

Trials A-3, B-3, and B-12R depict daytime and nighttime me- L,
andering situations (Figures IV-5, IV-6, and IV-7). These conditions
also represent potential pooiing situations and provide evidence
that pooling can occur on the installation. Trial B-3 especially
repre #nta an early morning pooling situation in which no positive
sampling was experienced at any of the peripheral stations.
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FIGURE V-1, 1SOPLETHS OF ADJUSTED ROD COUMTS (PARTICLES) - TRIAL B-20.
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FIGURE IV-5. [ISOPLETHS OF ADJUSTED ROD COUNTS (PARTICLES) - TRIAL A-3.
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FIGURE [¥-6. ISOPLETHS OF ADJUSTED ROD COUMTS (PARTICLES) - TRIA B 3.
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FIGURE 1v-7.

TRIAL NO. " B-12R
DATE P15 MAY 1973
DISSEMINATION: 04502 - 0502 MST

10" sampLinG : 0352 " 0630 MST
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ISOPLETHS OF ADJUSTED ROD COUMTS (PARTICLES) - TRIAL B-12R.
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