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PREFACE

The U,8. Environgental Protection Agency i35 sponsoring the Gresn River
Ambient Model Assessment [GRAMA) program. The objective of the GRAMA pro-
gram is to develpp improved, site~specifi¢ air quality madels that can bs
applied to the complex teérrain of the Green River Formation of western
Colorado, eastern Utah and southers Wyoming, The Grgen River Formation is a
geologic Formation c¢ontaining large reserves of oil shale, ¢oal and other
natural resources. Development of these resgurces may lead to a degradation
of the air quality of the region. Air guality models are needed for plane
ning and regulatory purposes %o assess the magnitude of these regional
impacts, This report documents an atmospheric fracer experiment gonductesd
in one of the valleys of the Green River Formation to collect data to
avaluate a new air quality model. This model was developed as part of the
GRAMA program, and is especially designed to predict air poliutant concen-
trations during the period of morning inversion break up due to elevated
point sources of poliution located in deep vallay terrain.



ABSTRACT

Special meteorclogical and atmospheric tracsr studies were gonduciad
during a J-week period in July and August of 1982 in the Brush Craek Valley
of northwestern Colorado, The experiments were conducted by the 1,5,
Department of Energy's Pactfic Northwest Laboratory (PNL} as part of the
U.5. Environmental Protection Agency's Green River Ambient Model Assessment
(GRAMA) program, The objective of the field experiments was to obtain data
to evaluate a model, called VALMET, developad at PNL to predict dispersion
of atr pollubants released from an elevated stack located within a deep
mountain valley in the post-sunrise temperature inversion breakup period.
Thres traier experimenis were conducted in the valley during the Z2-week
perind, In these experiments, sulfur hexafluoride {3?5} was relessed from a
height of approximately 100 m, beginning before sunrise and continuing unti}
the nocturnal down-valley winds reversed several hours after sunrise, 0Oig~
persion of the sulfur hexafluoride after release was evaluated by measuring
SF¢ concentrations in ambient air samples taken from sampling devices
operated within the valley up to about 8 km down valley from the source, An
instrumented research air¢raft was also used Lo measure concentrations in
and abowe the valley, Tracer samples were collected using a network of
radig-controiled bag sampling stations, two manually operated gas chromato-
graphs, a3 continuous SFg monitor, and a vertical SF, profiler. In addition,
hasic meteoroliogical data were ¢oliected during the tracer experiments.
Frequent profiles of vertical wind and temperaturs structure were obtained
with tethered ballcons gperated at the release site and at a site 7,7 xm
down the valley from the release site. tExperiments were conducted in
cooperation with the U.8. Department of Energy's ASCOT {Atmospheric Studies
in Complex Terrain} program. A great deal of supplementary meteorological
data is available from the ASCOT program, inciuding additional fethered
walloon data, data from a network of metacrological towers, acoustic sounder
data, and data from laser anemomefers.

Analysis of the tracer dala is proceeding as this data volume is Being
written, Further evaluation and revision gf the VALMET model are tasks that
may be carried out as the tracer data are analyzed, If fuiture funding i¢
provided,

This report, which presents the data collected for the U,S. Environ-
mental Protection Agency in the metesrolpgical and tracer experiments, i$
being submitted in partial fulfiiiment of the U.S. Environmental Protection
Agency Interagency Agreement DWB3930094-01-1 with the U.S. Department of
Energy,
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SECTION 1

INTRODUCTION

In the summer of 1982, atmospheric tracer experiments were conducted
for the U.S. Environmental Protection Agency (EPA) in the Brush Creek Valley
in the o1 shale region of northwestern Colorado,., This report presents the
resulting data, which were collected to evaluate the initial version of an
atmospheric transport and diffusion model called VALMET [1], developed for
individual valleys. The VALMET model was developed for the EPA at the U.S.
Department of Energy's (DOE's) Pacific Northwest Laboratory.

The EPA tracer experiments were conducted as a supplement to a large
meteorological field program that was designed by the U,S, DOE's Atmospheric
Studies in Complex Terrain (ASCOT) program. Organizations participating in
the ASCOT field program are listed in Table 1. The goal of the ASCOT field
program was to have an initial look at the meteorology of valleys in the oil
shale region of Colorado in preparation for the planning of a major multi-
year complex terrain meteorological research program that would begin in
FY 1984 in this region,

The 1982 DOE ASCOT field program included four 24-hour experiments
conducted from July 26 to August 8. Brush Creek Valley was chosen by the
ASCOT investigators for the first two experiments (July 29-30, 1982, and
July 30-31, 1982}, in which diurnal changes in valley wind and temperature
structure were studied. These experiments relied primarily on multiple
tethered balloon sounding systems. Brush Creek Valley is deep, narrow, and
near-linear. Brush Creek is a tributary to Roan Creek, which drains the
south side of Roan Plateau on the southern edge of the Piceance Basin. The
third ASCOT experiment {August 3-4) investigated the meteorology of multiple
valleys in the Roan Creek region during a 24-hour period., For this experi-
ment, the tethered balloon atmospheric sounding systems were dispersed from
Brush Creek to surrounding valleys. Finally, the last experiment (August 5-
6) was designed to have a first Yook at the regional meteorology of the
entire Colorado oil shale area by dispersing tethered balloon and upper air
sounding devices over the Piceance Basin region.

The EPA field program conducted three tracer experiments in the Brush
Creek Valley on the same nights as the last three ASCOT experiments
(July 30-31, August 3-4, and August 5-6, 1982), While the EPA experiments
were conducted within the 24-hour periods that defined the ASCOT experi-
ments, they were of shorter duration, focusing on the inversion breakup
period. Sufficient supplementary funding was available to EPA in .1982 to
plan and execute this limited atmospheric¢ tracer program, which was run in



TABLE 1.

PARTICIPANTS IN THE DOE ASCOT EXPERIMENTS

Group Instrument systems f{ontact
L.os Alamos Tethersonds Br, Sumner Rarr
National Pitals Dr. 8111 Clemants
Laboratory {LANL) Rirsondes
Minisonda

Lawrencs
Livermore
Mational
Laboratory {LLKL)

NOAA

Have

Propagation
Laboratory {WPL}

NOAA

Atmospheric
Turbulence

and Diffusion
Laboratory {ATDL}

Colnrado
State
Unfversity (LSU}

U.5. Forest
Service, Rocky
Mountain Forest
and Range Exp,
Station {USFS)

Electronic weather
station

Tethersonde

Laser anemometers

Remote weather
stations

Tethersonde
Acoustic sounders
Laser anemometers

Tethersonde {2}
Airsondes (2)
Acoustic saunder

Tethersonde

Airsonde

Aircraft smoks
reipase and
metecr, data

Upper air soundings

ar,
e,

Br,
fir,

Pir,

fir.
Or,

Br,

Paul Gudiksen
Bill Porch

Bii1 RNeff
R,B, Fritvz

Ray Hosker

Tam HMoKee
Pete Sinclair

Joug Fox




conjunction with ASCOT's meteorological investigations., ASCOT's fixed
instruments in Brush Creek Yalley provided basic meteorological support to
the EPA program, thereby decreasing experiment costs. In addition, the EPA
program benefitted from tethered balloon data collected in Brush Creek
Valley during ASCOT's first two experiments. Conversely, the EPA program
added information to the ASCOT program that, due to DOE budget limitations,
would not otherwise have been obtained.

EPA's Brush Creek tracer experiments were designed to provide the ini-
tial data required to evaluate VALMET. The collection of tracer concentra-
tion data on a cross-valley arc and comparison of this with model calcula-
tions was not considered a sufficient test of the model. Rather, the
approach taken was to collect meteorological and tracer data to test the
full range of meteorological assumptions and parameterizations used in
modules within the model. For example, the model predicts that convective
boundary layers will grow over heated surfaces after sunrise, that upslope
flows will develop within these boundary layers, that pollutants from the
elevated nocturnal plume will fumigate into the convective boundary layers,
and that they will be transported out of the valley by the upslope flows.
Thus, within the restraints of the resources available, it was necessary to
observe the development of convective boundary layers over the slopes, the
upslope wind systems, fumigation of pollutants, and transport of pollutants
up the stope. This required a continued, elevated tracer release within the
valley during periods when a strong nocturnal temperature inversion had
formed, and observation of the subsequent transport and diffusion of the
tracer plume as the valley temperature inversion broke up following sunrise.
Multiple experiments were run during clear weather periods using a variety
of measurement systems to record the changing meteorological and tracer
plume structure in the valley. The experiments focused on the plume breakup
during the short post-sunrise inversion breakup period. Good spatial time
resolution of the observations was necessary to record features of the
inversion breakup adequately. Manually-operated portable gas chromatographs
and a continuous tracer gas analyzer were used to provide this time resolu-
tion, Good spatial resolution of the measurements was necessary on a valley
cross section to view the expected convective boundary layer and tracer
plume structure. To meet this need, a network of surface-based bag samplers
was located throughout the valley, including the valley sidewalls. Vertical
profiles were made through the elevated plume using a vertical SFg profiler,
a balloon-borne sampling device, A continuous tracer gas monitor was oper-
ated from an aircraft to monitor tracer gas concentrations in the upper
valley atmosphere. Finally, tethered balloon systems were used to make
abservations of the changing atmospheric structure within the valley.

This report describes the experimental design and presents the
meteoroltogical and tracer data collected in the EPA tracer experiments
conducted in the Brush Creek Valley of Colorado during July and August,
1982, First, recommendations for future work are presented. Next is an
initial evaluation of the VALMET model. Then the experimental design is
discussed, including information on the topography of Brush Creek Valley,
the types and locations of instrument systems used, and the weather condi-
tions encountered during the field experiments. A chapter is provided on
each of the data collection and analysis systems, including the tracer



release system, the mobile analysis laboratory, the bag sampling System, the
vertical §Fg sampling system, the tethered balloon data collection system,
the portable gas chromatograph system, the continuaus tracer gas analysis
system, and the aircraft data collection system. Data collected with each
of ithese systems Is presented in this report in the form of data tables. In
addition, the tracer and metecrological data Yisted in Bppendix A will be
provided to EPA on a magneiic tape #hich will accompany this report,

Information on the quality of the sulfur hexafluoride data i3 presented
in the sections of this report dealing with the mobile analysis laboratory
and the portable gas ¢hromatographs. Complete information on the Quality
Assurance program used in c¢ollecting the experimental data was proavided to
EPA in July of 1982 [2].



SECTION 2

RECOMMENDATIONS

The Brush Creek tracer experiments conducted in July and Augqust 1982
were designed to provide the initial data necessary to evaluate the VALMET
air pollution model developed for the EPA at PNL. The data sets are
unigquely qualified for this purpose. They include meteorological data
collected by EPA and DOE participants to evaluate model assumptions
regarding nocturnal and post-sunrise wind field and temperature structure
evolution in the valley. They also include tracer concentration data
collected from networks of surface and airborne sampling and analysis
equipment, Special features of the sulfur hexafluoride tracer data set
include:

2 use of a vertical SFg profiling system to determine how the vertical
structure of the SF, plume varied with time

» extension of the bag-sampling network to include tracer observations
high (150 m) on the valley sidewalls

@ use of portable gas chromatographs and SFg monitors to observe rapid
variations in tracer concentrations which occur during the post-
sunrise period when fumigations of the elevated nocturnal plume occur
on the valley sidewalls

@ use of a research aircraft to determine how poliutants are dispersed
into the upper reaches of the valley following sunrise,

The experiments described in this report should be considered as initial
experiments designed to provide a better understanding of the basic physics
of valley meteorology. The experiments were designed with the aid of a
numerical model of air pollution dispersion that appears to have promise in
predicting air poliution concentrations in deep valleys. Further work is
recommended to complete a full analysis of the EPA and DOE tracer and
meteorological data from the 1982 experiment, to evaluate and improve the

VALMET model using this data, and to report the results in the scientific
literature,

Based on the preliminary results of the 1982 experiment, a second
cooperative tracer experiment will be conducted with the DOE ASCOT program
in the Brush Creek Valley in the fall of 1984, This experiment has been
designed by GRAMA investigators to collect data to further evaluate the
VALMET model and, for the first time, to evaluate portions of a regional



scate model [37, called MELSAR, developed at PNL for the EPA, A key module
of MELSAR predicts the timing and amount of poliutants released from a
valley when valley circulations become coupled with the regional scale flows
above the valley after sunrise. We recommend that the 1984 data be pro-
cessed and analyzed so that the VALMET and MELSAR models can he evaluated
further and, if necessary, modified to provide better simulations of air
poliution dispersion in the compliex terrain of EPA’s Region YIILI,



SECTION 3
EYALUATION OF THE VALMET MODEL

The VALMET model {2,347 was developed to predict valley air pollution
concentrations arising from an elevated continuous source lacated within a
valley during the post-sunrise temperature inversion breakup period, The
model predicts air pollution concentrations on the valley floor and
sidewalls of the valley on a ¢ross section an arbitrary distance down-valley
from the elevated source, VALMET has two parts, 3 nighttime part to predict
concentrations on the valiey ¢ross section at sunmrise, and a daytime part to
predict concentrations at the same locations after sunrise. The post-
synrise simulation uses numerical techniques that simulate the fumigation of
the nocturnal plume onto the vallsy floor and sidewalls as a convective
bourdary Tayer grows upward from the heated valley surfaces, as upsiope
flows develop in the convective boundary layers nver the slope, and as
compensating subsiding motions occur over the valley center,

The tracer experiments described in this report were destgned to
provide the data required to evaluate an tnittal version of VALMET, we did
not consider it sufficient to simply collect tracer concentration data on a
eross-valley arc and compare this with model calculations, Rather, the
approach taken was to collect meteorclogical and tracer data Io test ihe
full range of meteorological assumptions and parameterizations used in
modylies within the model, For example, the model predicts that convective
koundary layers will grow over heated surfaces after sunrise, that upslope
flows will develop within these boundary layers, that pellutants from the
elevated nocturnal plume will fumigate into the convective boundary layers,
and that they will be transported out of the valley by the upslope flows,
Thus, within the restraints of the resources availahle, it was necessary to
observe the development of convective boundary layers aver the slopes, the
upstope wind systems, fumigation of pollutants, and transport of pollutants
up the stope. In addition, it was necessary to simulate an elevated relpase
of pollutants and to observe the characteristics of the nocturnal plume,

The EPA tracer experiments were conducted in a valley chosen by DOE
using criteria unrelated to the testing of the VALMETY model, The Bruysh
Creek Valley was a useful “target of opportunity® for the inftfal evaluation
of VALMET, but, as i% usual with such opportunities, there were advantages
and disadvantages to the choice of this particular valley,

There were several advantages to choasing the Bruysh Creek Valley for
the initial evaluation of VALMET, First, the valley has a rather simple
topography. The narrow, ZB-km-long valley has no major changes in valley



aorientation along its length, 1t has rearly equal sidewsll inclinations,
The valley drains a plateau, so that the ridges are at a constant altitude
regardless of location along the valley axis. The valley has no major tri~
butaries, Second, the valley axis is orfented from NW to SE so that the
sidewalls would be exposed to quite different insolation during the poste
sunrise temperature inversion breakup period, The effect of this unequal
heating was a major uncertainty in the model formulation. On the basis of
metecraolngical data collected in wider Colorado valleys, and numerical model
resuits, the VALMET model was developed under an assumption of horizontal
homogenaity of atmospheric structure on a valley c¢ress section, This
assumption could be readily tested in the Brush Ureek Valley, where the
narrowness of the valley and the NW-SE orientation of the valley would
cleariy maximize any horizontal gradients in atmospheric structure between
the sidewalls., Third, the Brush Creek Yalley would be heavily instrumeated
with meteorological sensors by the ASCOT program. Access to their meteoro-
Togical data would be 2 great henefit to the model evaluation effori.

Along with the sbove advanmtages, there was a major disadvantage to
conducting an inftial evaluation of VALMET using data from the Brush Creek
Valley. This disadvantage was related to the short segment of the valley
that was accessidle for tracer instrumentatign, VALMET 45 a two-dimensional
model, predicting concentrations on a cross section oriented perpendicuiar
to the valley axis some distance down-valley from a source, Restrictive
assumptions are present in YALMET regarding a required homogeneity of the
temperature and wind structure in the along-valley direction. The Brush
Creek VYalley, however, is a short tributary valley that flows into the Roan
Valley a few kilometers below the valley cross section where most measure-
ments were made, Consequently, tracer plume carriad down the Brush Creek
Valley during the night would be carried into Roan Creek, Reversal of the
down-valley winds (to up-valley)} after sunrise would result in a large part
of the tracer plume being carried up the Roan Creek Valley, rather than
being carried back up the Brush Creask Valley as assumed in the model.
Evaluation of VALMET would be complicated by this violation of a major
assumption in the model, which had been desigred for longer valleys,

The evaluation of the VALMET model will be “he subject of future work.
A short summary in now being written for the proceedings of the American
Meteornlogical Saciety'’s Third Conference on Mountain Meteoroliogy, to be
held in Portland, Oregon in October 1984, It is appropriate here, however,
to make some initial qualitative statements concerning the evaluation of the
model, First, with respect to the nocturnal poriion of the model, the soc-
turnal plume was carried down the valley, as expacted. The nocturnal plume,
although released above the valley center, was faund to be displaced towards
one sidewall as 1t was transported down the vallay. The valtley is not
strictly linear, but turns slightly with down-valley distance. Recause the
plume was displaced towards the "outside" of the turn, it is conceivable
that inertial effects are responsible for the displacement of the plume from
the valley centerline, Future field experiments, such as the one planned by
EPA and DOE in the same valley in the fall of 1934, will focus mare research
attention on this feature, The nocturnal plume was carried down the valley
in a rather strong “fet” of down-valiey winds, with the Tevel of maximum
winds at about release height. The nocturnal model, based on the Gaussian



formulation, is incapable of treating vertical shears in transport winds
but, when winds at release height are used for transport, approximates
transport and diffusion along the valley direction fairly well.

Assumptions in the daytime portion of the model were verified with
actual meteorological and tracer data, The post-sunrise period was char-
acterized by the growth of convective boundary layers over the sunlit valley
surfaces, The tracer plume fumigated the valley sidewalls as convective
boundary layers grew upwards into the remnants of the nocturnal temperature
inversion containing the elevated tracer plume. Tracer was carried from the
valley by upslope flows, which developed within the growing convective
boundary layers. Corresponding subsiding motions over the valley center
were noted in the temperature profiles at several of the tethered balloon
sites, but the limited vertical resolution of the tracer plume did not allow
this feature to be seen in the tracer concentration analyses.

Due to the northwest-southeast orientation of the deep, steep-walled
valley, very significant differences occurred in the timing and rates of
convective boundary layer growth on the opposing sidewalls following sun-
rise. As a result of the unequal heating of the different sidewalls, a
cross valley flow developed, carrying the elevated plume towards the warmer
sidewall, Due to the cross valley advection, tracer concentrations were
higher on this sidewall than predicted by the model., A future modification
of the VALMET model will be required to handle this situation properly in
narrow valleys where post-sunrise insolation on the opposing sidewalls is
quite different. The Brush Creek tracer experiments were the first direct
experimental confirmation of the importance of this physical effect on
tracer plume dispersion.

The short length of the Brush Creek Valley, as expected, affected the
results of the tracer experiments. The primary effect, from initial
analyses, seems to be that the tracer concentrations in the valley fell more
rapidly than expected after the post-sunrise wind reversal. This is thought
to be due to the nocturnal plume being carried largely up Roan Creek after
the wind reversal rather than reversing direction to come back up Brush
Creek.



SECTIDN 4

BACKGROUND INFORMATICN

TOPDGRAPHY

The Brush Creek Valley is a 25-km Tong valley located about 50-70 km
NNE of Grand Junction in northwestern Colorado. Brush Creek is a tributary
to Roan Creek, a major valley draining the south side of Colorado's Roan
Plateau, located at the southern edge of the Piceance Basin (Figure 1), The
Brush Creek Valley is a near-linear, unobstructed valley draining from NW to
SE (Figure 2). The valley is deep (~ 650 m), narrow (3 km or less between
the upper sidewalls) and, other than short box canyons on the east side, has
no major tributaries. Topographic cross sections through the valley at
various distances above the valley mouth are shown in Figure 3. From these
cross sections, average sidewall slopes are 30-40 degrees, The topography
of Brush Creek is unusual in that the valiey floor has a rather steep slope
while the altitude of the ridgetops changes little with up-valley
distance. A topographic cross section along the streambed of Brush Creek is
shown in Fiqure 4., The lowest 10 km of Brush Creek has a slope of about
14 m/km, Up-valley from the release site the valley floor rises more
steeply, sidewalls become steeper, and the valley attains a "v-shaped" cross
section. Figure 5 gives a pictorial representation of the lowest 10-15 km
of the Brush Creek Valley viewed from the southwest, as obtained from a
computer-generated, digital topographic model. The topographic model
includes the effects of solar shading to emphasize the valley relief and
utilizes a topographic grid interval of 100 ft (31 m). This figure shows
clearly the characteristics of the short box canyons on the east side of the
valley. The west sidewall is more homogeneous with fewer and shallower
canyons. The drainage area of the entire canyon is approximately 106 km"-.

EQUIPMENT SITES

Several fiqures are presented here showing the location of data
collection equipment within Brush Creek Valley., Figure 6 shows the location
of EPA and ASCOT tethered balloon sounding sites as well as the laser
anemometer paths operated by ASCOT participants. The SNL and PNL sites were
operated as part of the EPA experiments. Further information on the
topographic characteristics of individual tethered balloon sites is given in
Table 2, Sulfur hexafluoride tracer was released from the PNL site.

Figure 7 shows the operating locations of the two manually operated gas
chromatographs on the west sidewall of Brush Creek as well as the location
of the continuous SF monitor on the valley floor near the SNL site. The
PNL sulfur hexafluoride release site is alsoc indicated on the figure,
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TABLE 4., SFg RELEASE DATA

Date Release Pd SFg used Duration Release rate Release height
{(MST) kg) (h) (kg/h) (g/s) {m}
7-29-82 NONE
7-31-82 0458-0757 8.77 2.98 2.94 0,82 102
8-04-82 0428-0806 32,77 3.63 9,03 2.51 105
8-06-82 0410-0946 42,59 5.60 7.61 2,11 112
TABLE 5. RELEASE SITE EVENTS, JULY 31, 1982

Event Time (MST)

Description and comments of release technician

1 0448
2 0600
3 0700
4 0715
5 0725
6 0730
7 0757
8 0810

Begin elevated SFg release

Manifold temperature 40°C, steady

Winds seem very turbulent at lower balloon
Tetherline 158 m, poly tubing 177 m

*106 m agl release height, 28°C elevation angle
Release continuing

A1l systems still very stable

ATl systems still OK
Manifold temperature
Lower balloon flying
Winds dying down and
Winds very slight at the surface

88 m, 30°C elevation angle

Winds reverse to up-valley at generator site
SFg release terminated

Helium flush started

Helium flush terminated

still 40°C
with nose up
we may lose some 1ift soon

*Release heights bas

S
S
R
A

ed on theodolite sightings and measured baselines.

ummary:

Fr released 19 1b 5 0z = 8.77 kg
elease duration 2.98 hours
verage release rate 0.82 g/s
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TABLE 6, RELEASE SITE EVENTS, AUGUST 4, 1982

Event Time {(MST] Description and comments of release techmician

1 0428 Begin elevated SFy release
51ightly higher release rate than on previous
experiment

Manifold temperature 25°C
Airsonds® attached to release balloon to measurs

height
Release rate <ieady
2 457 *105 m ag) release height, 35°C elevation
angle
3 0541 96 m, 30°C elevation angle
Have doubts about Airsoeande® performance
4 3553 Airsonde® dead
5 0603 108 m, 33°C elevation angle
& {845 108 m, 23°C elevation angle
? 0700 119 @, 37°C elevation angle
8 (720 Winds at generator level change fo up-valiey
9 0806 Release terminated
Flush started
10 G815 Flush terminated

*Release heights based on theodolite sightings and measured baselines.,

Summary:

SFg released 72 b Y pz = 32.77 ¥y
Relpase duration 3.53 hours
Average release rate 2.5 g/s
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TASBLE 7. RELEASE SITE EVENTS, AUGUST b, 1982

Event Time (MST)

Description and comments of release technician

1 0410
2 0azs
3 0507
4 0546
5 705
& g728
7 4735
B 0742
9 0744
10 0946
11 04955

Begin elevated SFy release
Approximately the same release rafe as
in previous experiment
Manifold temperature 25°C
ATY systems OK
Slightly higher release elevatior than other
experiments
*115 m agl, 37°C elevation angle
103 m, 34°C elevation angle
109 m, 35°C elevation angle
Winds at release height suddenly turned
t¢ up-valley
Winds very odd at release sits
Winds at release height are blowing up-valley,
stabie
Ascending Tethersonde® shows winds switching from
up~valley to cross-valley to downevalley
Surface winds now almost caim
Wind wisps now and then seem to be going
down~vatley
Sunlight now on valley floor
SF. release terminated
Flush started
Flush terminated

*Releazs hefghts based on theodoTite sightings and messured haselines,

Summary:

SF. released 83 15 13 oz = 42,589 kg
Reipase duration 5.50 hours
Average release rate Z.11 gis
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Figure 12, Balloon height versus time for August 4, 1982,
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SECTION &

MOBILE ANALYSIS LABORATORY

The Battelle-Northwest mobdile apalysis laboratory was used to measure
SFg tracer gas in ambient air samples collected during tracer releasss in
Brush £reek, The primary source of ambient air samples was the network of
bag samplers. In addition, samples collected in syringes carried by the
vertical SFg orofiler, manually collected syringe samples obtaired at the
lauynch site, and syringes and bags used for sample collection on the {essna
411 research aircraft were processed at the mobile laboratory., This facii-
ity offered a fully equipped gas chromatograph {6L) laboratory with 110 VAC
powar, sample storage space, and GC column reconditioning equipment. The
tracer analysis system was operated from the mobile laboratory, which housed
a full complement of support gases, including both zero air and SFo~in-air
calibration gas mixtures.

The mobile laboratory was set up 65 km south of the release point on
the Grand Mesa, At this locatfon, no contamination of the analysis eguip-
ment would be expected because it was isolated from both the release site
and the tracer storage facility. AlT samples were processed within 45 hours
of their collection and most samples were analyzed within 3 to 36 hours.

Sulfur haxafluoride wes measured using a Hewlett-Packard Model 57363
gas chromatograph eguipped with an electron capture detector {Valco Model
1408}, For bag samples, a 1/8+in.-0D0 Teflon® tube and Metal Sellows* pump
were used 1o transfer samples from the bags to a Car1e?, 8-port, two-isop
gas sampiing valve (B5¥}). Syringe samples were transferred to the sample
toop through a septum sealed port of the G35V, Sample injection into the
nitrogen carrier sitream was accomplished by rotation of the GSV, and a
Hewlett~Packard Model 3380A recording-integrator was simuitanecusly started
to record the sample chromatogram. The SFo fracer gas was separated from
oxygen and ofher potentially interfering agmosphefic components usirg a
& foot x 1/4 in. stainless steel column packed with 60780, NO~treated, SA
Molecular Sieve, The column was operated at amhient temperature (~20°C} and
the detector at MIO®C. The concentration of tracer gas was determined by
peak area using the external standard calibration method, Gas standards
consisting of MBS traceable SF. in ulfra-pure-air mixtures (50.0 and
420 ppt) stored in aluminum cy?inders were introduced at approximately one-

® Teflon is a registered trademark of £. I. du Port de Nemours & Zo., Inc.
Wilmington, Delaware. .

* Metal Hellows forp., Sharon, Massachusetis.

t Hach Company, Carle 6L Systems, Loveland, Colgrado.
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hour intervals to quantify detector response. Analytical precision was
determined by replicate analysis of randomly sslegted field samplies.

The result of replicate analyses at the mobile laboratory are sume
marized in Table 8., Included in this Tisting are syringe and bag samples
collected at the ground, from the vertical SFg profiler, and from the air-
craft. While the objective of subjecting 10% of the total number of samples
o rgplicate analysis was not met, the results listed in Table 8 provide an
indication that data quality gbiectives were realized. A precision of »95%
is indicated for samples in which the SFg concentration was greatar than
100 ppt and a precision of >%0% is indicated Tor samples in the 10-100 ppt
concentration range.

TABLE 8. REPLICATE SAMPLE ANALYSIS, MOBILE LABORATORY

5F concentration < 100 ppt Skg concentration » 100 ppt

Sample SFe concentration {opt} Sample  SFg concentration {ppt}

1 2.9, 57.7 1 266, 278
2 87.8, 95.8 2 368, 351
3 26,2, 23.4 3 123, 128
4 90,1, 83.8 4 316, 297
5 13.4, 12.3 5 239, 229
6 5,3, 9.0 8 872, BA2
7 50,2, 48,2 7 106, 113
8 68,8, 6§9.8 & 532, 533
3 646, 673
10 389, 417
11 758, 767
12 1950, 1903
13 338, 348
14 734, 772
15 819, 814
16 542, 542, 545
17 716, 719
18 630, 625
19 440, 442
20 360, 345

Previous experience with 5Fg sample collection and storage in the con-
tatners utilized in these experiments has demonstrated that sample integrity
ig maintained for storage periods of up to 3 days. This was confirmed for a
Timited number of field samplies and standards during the Brush Creek experi-
mental series as indicated by the data in Table 9, As indicated above,
samples from this experimental series were analyrzed within 45 hours of
collection,
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TABLE 9, REPLICATE ANALYSES TO EVALUATE SAMPLE INTEGRITY

SFe SFg
concen~ concen -
tration tration

Sample Container Time of analysis {ppt} Time of analysis  {ppt)
Field Bag 8/1/82, 0857 351 B/R/82, 1644 288
Field Bag 8/6/82, 2214 646  8/7/82, 0916 673
Fiaeld Syringe B/6/82, 2145 768 8/7/82, 1418 767
Std. Ray 8/1/82 106 g/7/82 106
Sta, Bag #71/82 317 87782 232

Finally, approximately one in every six samples was a 5Fg standard {SF5
in ultra-pure~-air, 50.5 or 420 ppt} used to gquantify detector sensitivity.
Throughout any given analysis period, the standard deviation of the
caleyiated sensitivity varied from 0.6 to 5,93,
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SECTION 7
RADIQ-CONTROLLED BAG SAMPLING SYSTIM

Radio-controlled bag sampling stations were installed at 19 gites to
collect ambient air samples within the Brush Creek Valley (Figure 8). Sam-
pling stations were arranged in a line down the valley axis from the release
site., Two cross-valley arcs were oriented perpendicular to this line at 3.3
and 7.7 km from the release point, therehy providing good definition of SF

concentrations nigh on the vallay sidewalls--an tmportant feature of the
experimental design.

Sites were numbered as shown in Figure 8. Un the cross-valley arcs,
Brocs A and £, the individual sites are numbersd from west to east., The
first station on Arc C, station £1, is not identified on the map, since
radio communication problems were encountered at this site, and no usable
data were collected there,

The sampiing stations {Figure 13} consisted of an antenna mounted on 3
5 m cane poie, a receivar, a radic signal decoder, and the dattery power and
switching circuitry necessary Lo sequentially activate five air sampling
pumps, each connected to a3 separate double-walled polysthylene sampling bag
{Industrial Bag, 10 x 15 in., 0.0025 in, thickness with meter flow adapter
fully inserted; B Bar B, New Albany, Indiana}., The sampiing pumps, opere
ated in a pulsed mode, had been adjusted before the experiments so that they
would deliver approximately 50 cc/min to the 4-liter sampling bags. The
separate polyethylene inlets of all five pumps were colocated at a height of
approximately 1.5 m above ground level. A wvisit to the sampling sites was
necessary before each experiment to prepare the site for samplirg. Since
another SFg experiment was being conducted in the valley on alternate nighis
from the one described hare, dew sampling bags were installied and receivers
werg activated the afternoon before our morning release. At this time,
sampling bags were installed and labeled with the site number, experiment
number, and bag sequence number {1,2,3,3, or 53, Also, the electronics were
cyclad so that sampiing would begin with the first bag, and the ridio
receiver was activated,

During an experiment, bag sampling stations were activated remotely
from a trarsmitting station at the base af Sampling Arc A at the $HL site,
The five sampling pumps at each sampling station were aclivated in sequence.,
The transmitting site consisted of a signal encoder, transmitter and
antenna, The transmitfer was gperated so that, for example, the aumbar 1
sampiing pumps were activated simultanecusly at 31l sites. At the end of
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TABLE 15. GAS CHROMATOGRAPH DATA, SITE &C1

July 31 August 4 August 6
Time fong Time Conc Time Canc
(MST)  {pot) {¥ST)  (ppt} (MST}  (ppt)
(530 <14 D617 242 4507 137
4537 <10 (620 178 0510 >406
0543 <10 {4825 458 0512 289
(3548 152 0627 526 g5i4 228
0555 45 1629 437 4517 3ig
{3601 25% 0631 246 1519 304
3806 262 0633 »546 (521 743
0830 >414 0638 427 0526 223
0644 303 4638 553 05728 319
0648 517 0540 >635 3534 254
0451 566 0645 538 (3532 isg
(3654 508 0647 539 0534 177
0648 781 0649 404 0537 124
G704 757 Be51 7i% (539 165
0713 454 3553, B48 0542 167
071 561 0657 891 G544 a4
g2 561 0709 875 0547 64
0725 415 0702 975 05443 56
0730 464 4705 1051 05562 35
0732 403 o7 1043 05487 193
0738 415 aris 740 0600 88
0742 388 0717 891 1609 360
g747 293 0720 7123 0620 >418
$750 391 0723 521 0622 >436
(0754 317 4725 408 LY 519
075% 378 Ggra7 442 828 744
0803 439 0730 925 2630 543
naqg? 415 0732 . 708 0632 >ah0
0813 403 0724 6403 (637 853
0818 415 0736 538 0834 1196
823 415 §738 723 0641 17835
5828 292 07443 563 9643 1578
0832 232 nz7az 606 (645 1743
0856 96 0747 410 0647 1904
0859 a7 a751 403 DE%G 1789
0803 12 0753 544 0852 1754
a0y 67 0755 339 1654 1552
§414 a7 4787 346 0659 1349
0429 37 (3800 282 0741 1349

Lcontinuad)
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TABLE 15, ({c¢ontinued}

August 31 August 4 August 6
Time Cong Time Cong Time fong
{(MST)  {ppt) (MST)  (ppt) (MST)}  (ppt)
0934 21 2803 233 G706 1183
2939 21 08467 304 0768 1234
0943 13 D809 255% 0716 1247
0948 i1 0312 233 0732 1311

o819 128 0714 1273
Q821 74 0716 1186
0824 pax 6718 1069
DHze 71 0724 1018
0828 64 0722 942
0830 78 0124 802
0833 71 0726 789
(5837 28 6728 585
0839 53 5730 574
841 &7 0732 557
0843 57 0734 b4
(845 i8 0736 713
0HA7 39 0738 789
0855 89 0740 7bd
D852 97 0742 738
0854 96 0744 716
0857 &4 0746 125
859 32 0748 674
4961 27 4753 BH3*
0307 18 0756 613
4910 14 D758 8427
0413 <id 0BG 608
0915 <10 0803 57 3%
917 K10 0805 613
a919 0 0808 637
0921 <10 0810 baZ
G973 <10 081z 613
0925 <18 0815 558
0928 <18 G818 543+
a8z 494
3824 375
0827 237
NAZG 207
0831 207 -
08133 168%
0840 193
{contTnued)
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TABLE 15. (continued}

Auglst 31 August 4 August &
Time Lonc Time Cong Time Long
(M5} {ppt) {MST) {ppt) (M3T} (ppt)

2842 238
0844 205
0847 100*
(854 g9
DR&4 79
857 101
09840 164
2802 G4
0905 i6
0908 61
0813 30
Ngis 28
0818 51
G922 68
0927 74
1930 33
0933 46*
0637 30
39440 25
3943 18
0946 23
(1958 <10
10058 <10
1016 10

*Sample taken with aircraft directly overhead.
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TABLE 16. BAS CHROMATOGRAPH BATA, SITE GC2, JULY 31, 1482

Instrament Instrument insbrument Instrument
Ser, No. 12 Ser, No. 14 Ser, No. 12 Ser. o, 14
Time Cong Time Conc Time Cong  Time Gong
(MST)  {ppt)  (MST)  (ppt) (MSTY  lppt} (MSTY}  (ppt)
aann - 4e00 ) 4732 594 0732 >5%7
4830 13 04530 B 7138 857 0736  »%08
3538 &1 (0538 83 G741 508 G741 »>838
B3R 44 538 ¥4 (3744 488 0748 500
05841 70 4831 92 0781 501 0751 45
0548 53 0546 57 0754 441 0758 418
0549 106 0549 131 0802 338 0802 392
0552 150 0552 197 0807 233 0807 202
G556 255 0RBA 280 0a1% 324 0815 -
HH] 370 0608 »378 4829 275 G829 -
3894 5113 0604 »471 8268 754 4824 -
0607 517 0847 >548 0838 177 0836 -
511 475 0611 455 ausl 504 0841 -
0615 &07 0815 563 847 177 3347 -
(3623 687 0823 £41 (853 194 0853 152
0641 - G641l b7 3900 177 Q904 >§7
a645% - 0645 486 Bu0s 186 0945 57
0650 - Q650 610 0ale2 141 0912 9h
1655 - 0655 667 04918 124 0918 26
0700 - (708 548 922 38 (922 86
0708 - a7 06 5017 3529 71 8924 “
Y - 4710 495 (a3s 53 {a3s 19
6713 >871 0713 455 434 i8 0439 in
G718 871 0718 445 (14944 <18 (%44 in
3722 R78 0722 444 34449 <id 4949 <14

tracer concentration/1% full scale peak height is recorded for the analyzer
ranges employed for ambient sample analysis.

Special visual observations of slope and valley wind systems were made
on August 4 and August & at chromatograph site GL2 to assist in the
interpretation of tracer data. These observations taken at the ground at
the sidewall site are Tisted in Tables 21 and 22.
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TASLE 17. GAS CHROMATOGRAPH DATA, SITE 6CZ, ﬁUGUSf 4, 1982

Instrumant instrument Instrument Instrument
Ser. Na, 12 3er, No. 13 Ser, No, 17 Ser. No, 13
Time cong Time Conc Time Cone  Time Lone
(MST)  {ppt} {MST)  {ppt) (MST)  {ppt} (MST} {ppt)}
0425 3 (425 0 0711 77 0711 1028
0447 0 {3447 ¢ 0714 g4() 0714 1041
0451 0 (3451 0 718 94k g7ig 1041
0455 0 0455 0 0720 G4h 8720 10238
(458 0 0458 <10 0723 872 0723 105%
0501 28 (501 12 0729 491 0728 10496
0505 45 0505 96 0732 1035 D¥32 1144
0509 321 0509 359 0735 927 g7 36 9913
0512 i4 0512 23 0742 714 0742 760
0518 18 3516 24 (3745 695 0745 757
06520 73 4520 54 0748 338 0749 829
0523 i8 0823 17 (753 759 0753 844
a526 73 0526 R 758 148 075% 201
0529 >511 0529 387 0788 727 0758 767
0532 668 0§32 693 0841 425 0801 42%
0535 »586 0835 »725 08086 315 OROS 322
0543 64 0543 59 Q808 417 0808 418
(548 161 Gh46 151 081z 3468 JR1z 418
(3549 193 0549 212 0815 280 0815 35
0857 583 0552 459 0819 245 0818 i85
0555 375 D555 452 0Rzz 257 nazz 274
0ss7 367 0657 356 0826 - DB26 9%
0604 208 0600 206 /2% B84 g829 75
0653 438 0603 411 0834 84" 4334 86
06086 373 0606 3580 0837 77 1837 75
0609 384 0609 3156 o849 7? (840 749
G611 27 0611 247 (G844 g4 0844 39
G614 308 0613 288 0847 34 0247 96
0618 15 GhiR 336 0852 103 Q852 1i8
0821 412 3821 425 08%¢ 124 1856 137
0675 637 0625 1055 (304 £9 3906 &2
0627 a5% 0827 1041 3912 Z24 D912 8
3631 946 0631 1069 (G919 <10 09149 14
{3635 g8% 0635 1082 0922 12 0822 !
g840 1017 0649 1123 0925 <10 0925 11
0644 1094 (644 1068 0542 0 (%42 <iD
0652 766 (652 36 (0950 <10 G950 11
0656 172 0656 248
0659 759 0659 836
(1792 788 0702 849
0705 901 0705 1667
Q708 854 0738 386

= Ho chromatogranmn
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TABLE 18, GAS CHROMATOGRAPH DATA, SITE 6C2, AUGUST 6, 1982

instrumant Instrument Instpument Instrument

Ser, No, 12 Ser, Ho, 14 Ser, No, 12 Ser, Npo, 14

Time (CoRe T 1me Conc Time Gonc Time Gonc

(MSTY  (ppt)  (MST)  {ppt) (MST)  (ppt] (MST)  (ppt)}
5358 g 0358 i 0§24 878 (629 994
(402 g D402 0 {8131 878 0631 Ga4
0424 g 04258 it 635 878 0635 LY
0477 i 0427 0 3638 8§55 0638 Gz
0430 it 0430 3 0640 B%5 0840 962
0432 a 0437 0 (0647 B33 {642 248
3436 10 3436 6 0645 811 0645 975
0439 z10 0439 0 0648 833 0648  »1084
0443 34 0443 27 0651 1033 0651 »1270
G445 38 0445 36 3653 989 0653 1142
Q448 44 044R 62 3657 >1078 0657 1219
450 133 0450 129 70l »1111 0701 1870
04%4 212 (3454 182 4702 >10RS 4703 1870
4%7 187 0487 189 (706 »1122 (708 1783
05040 147 05006 156 4709 »>108% (749 1225
0502 82 4502 236 4711 1088 071} 1200
0%G5 646 4505 494 G715 977 0715 142
0KOE 652 0506 52 0719 988 0719 1103
0515 461 0515 462 0722 922 0722 1039
0518 561 0518 565 0725 911 0725 1026
0523 694 0523 767 0728 833 Q728 437
425 611 0525 4809 Q73 800 0731 82494
%2R 7GD 0528 417 3738 738 0735 308
531 500 0531 539 0742 122 071472 795
0834 494 0534 538 1745 744 Q735 A21
{0R37 7090 0837 744 0747 144 (747 R34
0540 539 (0540 517 0750 750 G750 821
0543 911 0533  »1091 0755 717 0755 716
0546 978 0546 1052 0757 678 0757 738
0551 744 0551 821 (802 44 Q802 731
0555 384 0555 404 3804 894 OR04 738
(558 58313 3558 540 D307 722 QRQ7 170
3601 456 601 500 oRll 444 0811 526
G607 564 o607 &67 g4 233 0814 308
0610 811 0610 BiZ o817 387 0817 430
0614 556 0814 £16 a82¢ Bil Q820 558
D617 317 o617 1046 G823 430 0823 330
0619 ) 0619 888 0826 156 0876 128
0622 300 0622 1014 0829 211 0829 263
0627 878 0627 1001 0831 250 0831 257

scontinued)
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TARLE 18, {continued}

Instrument insirument instrument Instrument
Ser, Ko, 12 Ser, No, i3 Ser. No, 12 Ser. No, 14
Time cone Time tonc Time Cone  Time fonc
{MST)  {ppt] (MST)  {ppt) (MsT)  {ppt} (MST}  {ppt}
834 ill (834 154

0844 20 NE44 23

GR4? 41 gnay od

0857 110 GRS7 140

%01 72 0901 25

0904 g1 0904 93

0908 52 0ag8 70

0911 49 pull 62

0815 17 815 31

9518 a4 0518 62

(5922 &4 0522 74

1825 3z (925 47

0929 1553 0629 &8

0938 35 $4935 39

0941 29 {941 31

0444 - 09434 27

{950 14 0959 i6

09458 <14 0958 17

ia02 <14 1002 is

1007 i7 1607 iz
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TABLE 19, AMBIENT SAMPLES ANALYZED ON FIELD CHROMATOGRAPHS 12
AND 14 AT SiTg GC2

SFg Concentration {ppt}

Time

{MST) SN 12 S/N 14 {$F5]123[$$§]Z&
July 31, 1982

0607 872 >548 <1.04

0611 475 455 1.04

0732 599 »597 <1.80

0736 557 *508 <1,16
August 4, 1982

0532 A58 693 0,96

0557 347 366 1,03

0627 959 1041 0.92

0714 340 1641 0.90

0758 746 8g1 1.93
August &, 1982

0534 494 h39 0.92

0701 >1111 1270 >0, 87

TABLE 20, VARIATION IN FIELD CHROMATOGRAPH SENSITIVITY DURING
AUGUST 4, 1987 EXPERIMENRT, S/N 14 AT 62 SITE.

Time Analysis Range Sensitivity
{MST} (ppt/4f.s.]
0435 £ 7.97
0439 £ 7.97
(444 E .97
0538 b 15,13
3540 B 14,75
0650 ] 13,11
(90D 1 11,80
0903 £ 3.67
Q909 E 5.79
0933 £ 5.62
0436 £ 5.57
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TABLE 21. VISUAL OBRSERVATIONS AT 602 51TE, AUGUST 4, 1%a2

Time

(MST) Comments

0755
0808

3823
034
0847
0933

Winds remain upslope with down-valley component

Upsiope winds are beginning to shift toward the up-valley
diraction

Light, gusty winds

Befinite up-valley component to upsiope winds

¥oderate to gqusty upslope winds with up-valley component
Increased qustiness in upslope winds

TABLE 22. VISUAL ORSERVATIONS AT 6{2 SI{TE, AUGUST &, 1982

Time

{MST} Comments

2430
0505
D635
0640
0657
0722
(728
0731
0755
g8l
ELyal
(826
0851
0929

1719 to 2710 scattered cumulus clouds

ool breeze

Sun at site

Strong down-valley flow remains

Light, gusty upslope with 45° down-valley component
Upsiope flow with 45° down-valley component

Upsiope only

psiope with 45%° downwvalley component

Upslope with 18° down-valley component

Upslope and turbulsnt flow

Strong upsiope only

Upslope with 30° up-valley component

Upstope with >45% uyp-valley component

Moderate gustiness in upsiope flow {(and in genera),
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SECTION 11

CONTINUQUS SFg TRACER DATA AT THE SANDIA NATIONAL LABORATORY SITE

A continuous tracer analyzer was operated at the SKL surface site on
Arc A to gbtain real-time SFg data. ATthough operational problems during
the experimental program reduced analyzer sensitivity and limited data coi-
lection to a fraction of the total relsase period, the concentration data
that was collected supports the results of grab samplies taken by SNL person~
nel and analyzed several hours later at the field laboratory. It alsc pro-
vided information on the arrival of the plume front at this surface site,

The basic features of the coptinuous tracer analyzer are illusteated io
Figure 24. Analyzer operation 1s based on the sa2nsitivity of the glectron
sapture detector {ECD) to perfluore compounds and the greater stability of
atmospheric fracer gases, such as SFS, compared o potential interfering
compounds (e.g., freons). The incoming sample 15 mixed with a slight excess
of hydrogen upstream of a catalytic reactor in wnich atmospheric oxygen is
converted fo water and Tow molecuiar weight halocarbons undergs thermal
degradation., The product nas stream is then dirscted to an efficient drier
where water and halocarbon decomposition products are selectively removed,
The perfluorae tracer is thus transported in the atmospheric nitrogen~-excess

hydrogen carrier Stream to 2 pulsed constant frequency ECD for
measuremant,

During the Brush Cresk experimental series, the continugus tracer
analyzer was calibrated by periodic exposure to a3 NBY traceable SFp in
uyltrapure air mixture contained in a polyethylene sampling bhag of the type
utilized for sample collection. The standard gas samplies employed were also
used to calibrate the field chromatographs described in Section 10 and the
lasoaratory gas chromatagraph operated at the mobile analysis laboratory.

Buring the Tield experiment, operational problems were encountered with
the continuous 3F¢ Lracer gas analyzer due to a malfunction of the drier.
5Fg data were obtained from the continuous analyzer on August &, 1982, and
arg presented in Table Z3.
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Figure 24, Simplified scnematic of continuous Lracer analyzer.

TABLE 23, CONTINUOUS TRACER DATA, SANDIA SITE, AUGUST &, 1987

Time (M5T} SFg Concentration {ppt)
5060 0
(3547 225
0550 290
3552 270
0588 364
a887 380
0554 445
gs02 450
0606 43¢
0609 4495
0611 520
0614 5443
OBaG 6434
a8g?7 740
g8ns 720
3808 12D
0813 784
(1823 450
8826 420
0830 300
0835 240
(840 240
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SECTION 12
AIRCRAFY DATA

ENTRODUCTION

The purpose of the aircraft sampling was to provide data on the loca-
tion, altitude, and concentration of 5F; within the Brush and Roan Creek
drainages., The experiments were designed to determine how SF; in the local
fiows within Brush {reek would be released from the vallsy into the upper
prevailing flows after sunrise.

INSTRUMENTATION

The airborne sampling was conducted with a PRL twin-engine (essna 411
{Figure 25}, which carried a Brookhaven Natioenal Laboratory (BRL) continuous
operating perfluorccarbon sniffer (COPS) designed to continuously monitor
ambient air for the detection of perfluorinated compounds, namely, per-
fluorocarbons (PFC) and SF.. The COPS operates by drawing in air continy-
cusly with a pump, combusting the oxygen with hydrogen over a catalyst, dry-
ing the gas, passing 1t through an elecieon capture detector, and monitoring
the output signal. Only SFg and PFCs survive the combustion process. The
output signal was collected on a DAS-32 data acquisition system and moni-
tored with a strip chart recorder. The continuous 5F; sampling was supple-
mented with periodic grab sampies taken in 1G0-14ter double-walled
polyethylene hags or in 50-cc syringes.

Geoyraphic coordinates (latitude, longitude} were obtained from a
VLF-Omega® (GHS-S00A) navigation system. These data and air temperature,
dew point, turbulence paramefers, altitude, wind direction and speed were
monttored and recorded on magnetic tape by the data acquizition system,

CALIBRATION AND TESTING PROCEDURES

The COPS was bench~ and flight-tested on July 26, 1982, prior to depar-
ture for Colorado. The instrument appeared ta operate satisfactorily during
flight testing although no SFg was released. The response of the COPS was
pbserved to be very sensitive to altitude changes - a feature that required
some redesign of proposed flight sampling patterns,

® Global Systems, Irvine Califoraia,
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TABLE C-2. GRAND JUNCTION RAWINSONDE DATA, JULY 28, 1982, 1200 GMT
GJT 82072812

MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HGT T TD DIR SPD HEIGHT DIR SPEED
(mb) (m)  (°C) (°C) (mfs)  {m) (ft) (m/s) (kt)
1 856 1474 20.4 14.4 130 5 1474 4836 130 5 10
2 850 1528 20.6 4.6 135 5 1829 6000 155 713
3 836 1672 20.8 14.8 2134 7000 170 713
4 737 275  15.0 9.0 2438 8000 160 12 24
5 700 3187 11,2 8.8 195 b 2743 9000 155 12 24
6 690 3307 10.2 8.6 3658 12000 225 6 11
7 521 5590 -4.3 -5.0 4267 14000 250 5 10
8 500 5920 -5.9 -9.,1 290 6 4877 16000 240 6 12
9 428 7127 -11.,5 -17.5 5182 17000 250 6 11
10 422 7235 -12.5 -24.5 5791 19000 295 6 11
11 400 7640 -15.1 -27.1 250 7 6096 20000 285 65 12
12 371 8205 -18.7 -24.7 7620 25000 250 7 14
13 347 8700 -22.5 -34.5 8839 29000 250 8 15
14 330 9067 -25.5 -30.0 9144 30000 240 8 16

15 323 9222 -26.5 -37.5
16 311 9495 -28.7 -43.7
17 300 9750 =-30.5 -39.5 235 9
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TABLE £-3. GRAND JUNCTION RAWINSONDE DATA, JULY 29, 1982, 0000 GMT
GJT 82072300 '

MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HGT T i BIR SPD HEIGHT DIR SPEED
fm} (m} {°C) (°C} m/s) (=} (ft) (m/s) (kt)

(
854 1474 22.2 1
1

i 3.2 280 0§ 1474 4836 280 5 5
2 850 1514 268 12.8 280 % 1829 8000 298 8 17
3 B0 3188 12,6 8,5 310 5 2134 70890 305 8 15
4 688 3333 11,6 7.9 2439 8000 320 6 12
i 510 4817 3.0 ~0.4 2743 5000 318 5 if
b 500 5920 -4.9 9.2 260 7 3858 12000 300 6 i1
7 458G  B744 -85 13,5 4257 13000 319 713
8 433 6866 -9.3 -14.0 4877 18000 305 & 11
9 437 8971 9,9 -20.9 bA%6 18000 270 13
g 415 7388 12,7 -13.)7 6036 20000 260 §i3
i 408 7497 -13.5 -25.5 6706 22000 240 P14
12 400 /650 -14.9 -26,9 230 9 7620 25000 230 9 17
13 380 8433 -20.1 -28. 8534 28000 225 9 1B
14 328 9102 -Z23.9 -32.9 9144 30000 245 L §
1% 304 9874 .28.7 -58.7

i& 33 5730 -28.9 -33.9 28% @
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TABLE C-4. GRAND JUNCTION RAWINSONDE DATA, JULY 29, 1982, 1200 GMT

GJT 82072912

MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HGT T TD  DIR SPD HETIGHT DIR SPEED -
(mb) (m)  (°C) (°C) (m/s)  (m)  (ft) (m/s) (kt)
1 8556 1474 19,4 14,4 140 2 1474 4836 140 2 3
2 850 1527 19.2 14.3 3658 12000 5 3 5
3 802 2026 17.0 12,0 4267 14000 325 4 7
4 773 2340 14.2 13.6 4877 16000 320 3 6
5 700 3175 10.0 9.4 6096 20000 250 2 4
& b5 5057 -0.9 -4.5 7620 25000 295 6 12
7 525 5514 -3,9 -6.1 8839 29000 255 12 23
8 518 5620 -4.9 -9.3 9144 30000 2% 14 23
9 500 5900 -6.7 -9.9 ‘285 3
10 468 6413 -10.7 -11.3
11 461 6530 -9.1 -14.1
12 434 6995 -11.7 -16.7
13 400 7610 -15,5 -32,5 295 6
14 382 8773 -24.1 -31.1
15 300 9720 -30.5 -44.5 255 16
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TABLE C~5, GRAKD SUNCTION RAWINSONDE DATA, JULY 30, 1982, Q000 GMT
GJT  H2073000

MANDATORY AND SIGNIFICANT LEVELS KINDS
PRES  HGT T T8 DIE $PD HETGHT  DIR SPEED
{mb)  (m) ey (°C} {m/s) {m) {ft) (m/s) {kt}
1 853 1474 31.0 12.0 300 7 1472 4829 300 7 13
2 850 1800 28,82 14,8 10 7 1732 5848 295 ? i4
T 00 318% 13,2 7.2 0§ 3 2095 6872 311 6 12
4 500 8920 5.3 -16.3 325 4 2408 7900 214§ g
5 400 7640 15,5 -29.5 285 7 2702  BEEE 329 3 B
8 300 9750 28,5 -59.5 250 18 2369 9742 358 3 6
7 3239 10628 0§ 3 6
g 3R22 11558 344 3 &
9 3839 12503 317 4 8
10 4159 13644 W1 5 10
11 A456 14653 303 & 11
12 4755 15601 305 6 17
13 5019 16%32 309 & 17
14 5218 17317 w1 6 1}
15 86531 1R180 3724 £ i1
15 6846 19181 1324 4 8
17 6133 20155 1324 4 B
18 6438 21121 308 5 10
19 6732 22087 287 6 11
20 7028 230h% 278 ) i
21 7348 24108 265 5 10
22 7659 2S18L 251 7 13
23 F9ul 25236 245 4 18
24 8328 27308 238 11 22
25 8651 26382 243 13 25
76 8951 28400 248 15 30
27 9294 30491 247 17 33
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TABLE (-6, GRAND JUNCTION RAWINSONDE DATA, JULY 30, 1982, 1200 M7
GJT 82073012

MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HGT T ™ DIR SPD HETGHT DIR SPEED
(mb} (m)  (°C) (°0) (m/s}  {m)  (ft) (m/s) (kt)
1 855 1472 20.0 12.8 1472 4823 140 3 8
2 850 1828 20,0 12,7 1754 §755 128 3 5
3 836 1883 13,1 11,1 2029 6658 128 3 5
4 781 zZias 17,7 10.0 2278 7474 112 2 4
5 750 2598 14.8 B.3 2545 2350 72 2 3
B 736 2758 13,6 9.3 2839 9313 30 2 3
7 729 2839 13,2 9.0 3116 10224 34% 2 3
8 708 3085 11,9 6.2 3382 11095 325 3 5
9 700 3180 11,3 5.2 3641 11944 328 2 4
10 675 3483 g8 4.4 39ie 12858 316 2 4
11 658 3693 6.4 4.0 4188 13741 308 3 6
12 627 4088 3.8 4.7 4441 14570 308 5 4
13 508 4338 2.5 1.5 4705 15438 314 5 11
i4 hEG 4535 0.4 ~2.% 4875 16322 34 & 37
i5 565 4927 2,0 1.7 5213 17103 299 714
16 345 5213 -4,5 8.0 487 1B0O0D 276 g8 15
17 536 5344 5.6 7.8 5775 18946 258 6 12
18 520 5882 -7,1 ~7.8 6040 19817 267 e 9
19 511 5718 6,3 «15.9 6340 20799 294 5 1
20 500 5388 .74 16,9 6593 21631 237 7 14
21 485 5968  -B.Z2 -17.1 6863 22515 281 g 18
2 481 6189 -8.3 235 7132 234p0 284 10 20
23 458 6566 11,0 -27.8 7407 24784 282 10 18
24 400 7591 19,0 «34.8 670 25184 277 12 23
25 w7 8227 22,8 35,1 7935 26034 269 15 30
26 360 8368 -23.,7 ~30.9 §200 26903 283 17 32
27 349 8594 .24.4 -33,1 ' 8481 27824 260 17 33
28 323 91%% -27.6 -42.6 8762 28748 259 19 36
29 300 9681 -37.0 -45,0 9043 29667 257 20 38
9313 30554 256 21 48




TABLE £-7. GRAND JUNCTIOR RAWINSONDE DATA, July 31, 1982, 000G GMY
GJT 32073100

MANDATORY AND SIGNIFICANT LEVELS HINDS
PRES HGT T 14 8IR  SPD HE TGHT f11R SPEED
{mb}  {m) {°C1 [(°C) {m/s) {m} {ft] {m/s) {kt}
1 a8a4 1472 29, 7.9 1472 4329 270 4 8
2 850 1513 29,4 g.1 1639 5574 281 Z 4
3 YR 1745 27 .4 7.4 1918 £2584 281 Z 4
4 750 2610 19.8 5.8 2134 7002 286 3 B
) 700 3189 14,2 3.3 2350 7711 2Bl 4 7
6 557 3730 3.8 3.t 2566 B420 280 4 #
7 532 4369 4,2 1.9 2874 9264 295 5 Q
3 480 4157 1.5 -i.,8 31 10142 308 B 11
9 f63 4942 0.7 =~4.5 3411 11192 316 H 13
1l 554 512 -0.4 -iB.7 3766 12355 323 714
1i 545 5752 ~1,4 G 4171 13519 331 7 13
12 51g K640 -4,0 «1R.4 38%] 14603 351 6 il
13 800 5933 -5,3 -20,8 4725 1BS00 353 6 i1
14 452 £549 8.0 -390 4958 15298 354 5 19
1% 400 7886 17,7 -47.7 R72%6 17144 2 & 8
i% o6 874l ~31.5 61,5 5434 17993 9 4 3
17 &757  1BRBE7 10 5 G
18 £040 18816 281 6 1z
13 5338 20694 347 8 15
20 6530 21587 347 9 H
z1 6833 22616 349 ¢ 17
27 123 23684 348 g 17
23 7820 24872 339 g ik
24 TR20 28657 328 7 14
25 8111 26611 308 714
26 . 8432 27568 297 9 17
27 B&3 28520 300 8 16
28 8974 29475 293 14
29 0276 30429 28] 8 1
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TABLE (-8, GRAND JUNCTION RAWINSONDE DATA, JULY 31, 1882, 1200 oM7
64T 82073112

MANDATORY AND SIGRLIFICANT LEVELS WINDS
PRES  HGT T 0  DIR 5PD HETGHT DIR SPEED
(mb)  (m)  (°C) {°C) (mfs)  {m) (ft) {m/s}) (kt)
1 887 1472 22,2 7.1 1472 482% 70 q 8
Z 3% 1544 23,1 7.9 1835 6021 78 5 10
3 765 2453 17,0 3.6 2198 7214 91 & 11
4 755 286 17,2 3.5 2566 8417 14 5 11
§ 7503 2822 16,8 3,0 2817 9241 50 5 10
& o0 3206 1z, 0.5 3095 10183 20 5 10
7 680 3448 .8 0.1 3351 19994 354 6 12
8 660 3696 9.3 -6.9 3613 11854 332 g8 15
9 546 5234 -2,5 ~32.5 3907 12817 321 & 15
10 54¢ 5321 .2,2 -32.2 4208 13807 326 & 12
11 560 5928 8.0 -36,0 4510 14796 326 5 1t
i2 456 6642 11,7 41,7 481z 15786 323 713
13 447 8794 -12.4 442.4 2113 16775 330 & 12
14 400 75631 19,7 ~497 5408 17743 1358 5 9
15 gz 7781 ~19.8 ~49.6 5697 18691 1 5 9
i6 375 8110 -20.9 -5D.9 8985 19637 345 hoo 10
17 335 8932 27,7 517 6271 20573 332 & 11
18 318 9305 ~29.3 ~59.3 5556 21510 334 6 12
19 300 9719 -32.7 62,7 6850 22474 331 6 12
20 7129 23389 1326 7 14
21 7408 24304 32% B 16
22 7691 25233 331 g iz
23 8011 26233 33% 10 19
24 8308 27258 333 3 18
25 8597 28188 331 11 22
26 887% 29118 33 12 24
27 9131 29957 334 11 22
28 9388 30800 330 11 21




TABLE C-9. GRAND JUNCTION RAWTNSONDE DATA, AUGUST 1, 1982, 0000 GMT
GJT 82034100

MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HBT T T3 OIR SPD HEIGHT  DIR  SPEED
{mb) (M} (°C} (°C) {m/3) {m} {ft} {mf/s) {et}
1 852 1427 315 6,5 90 4
2 #54 1493 31,5 £.,4 284 4
3 83s 182 N.0 8.8 287 4
4 800 2034 27.4 5.0 254 3
5 750 2598  71.8 2.1 301 2
8 oo 3191 156,56 2.3 354 1
7 8% 3817  11.4 -0.3 350 3
8 B4 4425 .1 -2.9 2 3
9 800 3479 5,7 -2.8 3 8
10 585 4888 3.8 -2.2 10 8
i3 558 EORs 0.7 -4.9 14 5
iz 550 Bikd -1,.3 -8.5% 3%7 5
13 541 5316 «1.6 «12.7 3/& 5
14 523 5585 2.5 -32.5 32 &
15 500 5940 5.0 -38.0 23 6
16 480 6751 9.5 -39.6 332 4
17 400 7661 -~14.9 -23.9 338 8
18 350 8858 -23.1 -53.1 337 4
19 300 9762 32,7 ~62.7 313 9
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TABLE €-10. GRAND JUNCTION RAWINSONDE DATA, AUGUST 1, 1982, 1200 GMT

GJT 82080112

MANDATORY AND SIGNIFICANT LEVELS WINDS

PRES  HGT T T0O DIR SPD HEIGHT DIR SPEED

(mb} (m) (°C) (°C) (m/s)  (m}  (ft) (m/s) (kt)
1 854 1474 21,0 3.0 120 5 1474 4836 120 5 9
2 850 1513 22,8 3.8 120 5 1829 6000 120 6 11
3 840 1616 23.6 3.6 2134 7000 120 6 11
4 770 2373 21.8 -1.2 2438 8000 170 5 9
5 700 3188 14,8 -1,2 205 4 2743 9000 195 4 8
6 563 4976 -2.1 -6.8 3658 12000 245 3 6
7 546 5219 -3.9 -12.9 4267 14000 315 2 4
8 531 5439 -3.3 -33.3 4877 16000 335 3 6
9 500 5910 -5.,7 -35.7 250 3 6096 20000 215 3 5
10 489 6084 -5.9 -35.9 71620 25000 205 2 3
11 400 7630 -17.1 -47,1 205 2 9144 30000 250 3 &
12 300 9710 -35.1 -65.1 295 3

TABLE C-11. GRANO JUNCTION RAWINSONOE DATA, AUGUST 2, 1982, 0Q00 GMT

GJT 82080200

MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES HGT T TD DIR SPD HE IGHT DIR SPEED
(mb) {m) (°C} (°C) (m/s) (m}y  (ft)" (m/s} (kt)
1 848 1474 33.4 8.4 1474 4836 140 4 8
2 842 1538 33.0 8.0 1828 6000 115 2 4
3 623 4142 8.6 -2.4 2134 7000 80 2 3
4 517 5649 -4,7 -8.8 2438 8000 30 1 2
5 500 5912 -6.7 -7.7 2743 9000 30 1 2
6 468 6426 -10.3 -11.6 3658 12000 70 1 1
7 437 6952 -12,5 -27.0 4267 14000 190 3 5
8 264 10615 -37.7 -46.7 4877 16000 205 7 13
9 5486 18000 210 10 20
1D 6096 20000 190 15 29
11 7010 23000 180 16 31
12 7620 25000 190 14 27
13 8230 27000 195 14 28
14 9144 30000 230 16 31
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TARLE (=12, GRAND JUNCTION RAWINSONDE BATA, AUGUST 2, 1982, 1200 GMY

GJT 82080212
MANDATORY AND SIGNIFICANT LEVELS HINDS
PRES  HGT T TG BIR SPD HEIGHT BIR SPEED
(md) (o) {°C) (°C) {mfs)  {m} (ft) {m/s) (k)
1 g51 1474 20,0 14,0 120 4 1474 4836 120 4 &
Z 8BS0 1482 20.4 134 126 4 182%  600C 125 5 10
3 700 3134 9.6 4,7 185 10 2134 7000 145 & 11
4 800 5850 5,9 8.5 235 13 2438 8600 160 6 11
5 460 75i¢ -17.1 ~20.8 240 13 2743 9000 180 714
b 360 9660 -32.9 -42.9 715 1% 3658 12000 1% 15 30
7 4267 14300 205 1% 30
8 4877 18000 220 1& 31
3 609 20000 280 13 76
19 7620 25000 24C 14 27
il 8534 23060 215 15 30
i2 9144 300CC 220 15 28

TABLE C~13, GRAND JUNCTION RAWINSONDE DATA, AUGUST 3, 1682, 0000 GMT

GJT 52080300

MANDATORY AND SIGNIFICANT LEVELS WINDS
BREYS HGT T T BIR  SPD HE TGHT QIR SPEED
{mby {m} {°Cy {(°C) {m/s) (m)  {*t) {misy (kt)
1 882 1474 20,6 16.% 320 4 1874 4836 320 4 7
V4 854 1488 2i.8 14,6 32D 4 1523 G000 308 3 5
3 837 1622 21,4 13,4 2134 7080 305 4 7
4 12y 282% 11,6 8,7 2438 BGOG 315 =3 2
5 156 3141 1.4 b3 320 b 2743 Q00 335 5 4
& G5? 1297 9,0 4,7 WAE 1gea 330 & il
7 §0 3754 5,8 4.4 IBRA 12000 268 3 5
B 5030 hHBED -6,1 -7.6 2I& 9 2967 13000 238 5 i
9 450 7580 -15.% .18,7 225 G 4267 14000 230 7 14
1 0 98% 30,3 -38.3 226 22 A877 154060 210 a 15
11 5182 174G0 Z2i0 ] 17
12 5438 18000 22% g 18
3 6096 20005 230 8 16
12 7010 23000 215 10 19
15 7620 28000 £85 9 i3
i6 8538 780400 235 i 20
17 9144 33008 225 A0 38
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TABLE C-14, GRAND JUNCTION RAWINSONDE DATA, AUGUST 3, 1982, 1200 GMT
' GJT 82D80312

MANDATORY AND SIGNIFICANT LEVELS WINDS

PRES  HGT T TD DIR SPD HEIGHT  DIR SPEED

(mb) {m) (°C) (°C) (m/s) {m}  (ft) {m/s) (kt)
1 852 1474 18.2 14,2 120 & 1474 4836 12D 5 9
2 850 1494 18,2 14,0 120 5 1829 6000 150 11 21
3 811 1898 18.2 12.2 2134 7000 175 7 14
4 735 2735 13.2 7.2 2438 8000 210 4 8
5 700 3144 9.2 5.7 250 7 2743 9000 240 5 9
6 653 3718 6.0 1.0 3048 10000 245 6 11
7 584 4624 -5 -1.8 3658 12000 255 9 17
8 566 4874 2.1 -6.9 4267 14000 235 7 14
9 543 5202 -4.9 -5.4 4877 16000 260 6 11
10 513 5649  -6.7 -8.2 5182 17000 260 6 11
11 500 5850 -7.7 -12.7 235 11 6096 20000 225 12 24
12 481 6151 -8.3 -38.3 7620 25000 225 22 43
13 444 6769 -11.5 -26.5 9144 30000 220 26 50
14 405 7465 -17.9 -26.9
15 400 7560 -18.1 -22.7 225 22
16 391 7730 -18.3 -19.8
17 356 8424 -23.3 -29.3
18 300 9650 -32.5 -40.5 215 29
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TASLE C-15, GRAND JUNCTION RAWINSONDE DATA, AUGUSY 4, 1982, UCOG GMY
6J7 82080400

MANDATORY AND SIGNIFICANT LEVELS WINDS

PRES  HGT H 1% BIx S5PD HE IGHT DIR SPEED
{mb} (m} {%C} (°C) mfs)  fm} (ft) {m/s} {kt)
i 862 1472 25,6 10,2 160 5
2 850 1488 250 10,9 159 b
3 808 1932 23,4 10,1 112 1
4 g00  Z01% 22,7 9.8 87 1
5 7S¢ 2576 17,5 7.6 219 2
6 718 2947 13,7 6.1 232 3%
7 700 3161 11,9 5.7 240 3
f 678 3428 9.9 3.2 238 %
Y 650 3778 .00 2,1 23 5
10 47 3815 6.6 1.9 23 5
1i 628  435% 4,4 2,3 233 &
12 602 4403 1.7 0.8 230 7
13 660 4430 1.8 0.7 236 7
14 574  &¥gs -1,3 -2.% 229 7
15 356 5040 2.0 -Z2,5 233 8
16 550 5126 2,5 -3,0 233 8
17 530 5877 7.4 LB.0 729 8
18 495 5955  -8.,2 -89 228 8
13 478 6224 -12.% -20.2 230 9
20 472 6321 ~12.6 -42,6 230 10
21 450 s684 14,4 -26.3 229 11
22 448 6718 -14.6 -24,7 223 11
23 433 8976 «15.3 48,3 229 11
24 400 7472 «]18.0 -48.0 228 13

25 376 8032 20,4 -35,8 228 1

26 355 B4S,  -23,1 -29.7 220 22
27 350 8562 -23.8 -30.0 218 22
28 3406 8770 -24,7 -30.8 215 23
29 329 9008 -Z6.6 -33.3 211 24
30 309 9458 ~30,0 -35.,9 203 23
31 300 9688 31,7 ~38,8 202 23
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TABLE €-16, GRAND JUNCTTON RAWIKSONDE DATA, AUGUST 4, 1987, 1200 GMT
5JT 82080417
MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HGT T T0 DIR SPD HEIGHT  DIR  SPEED
(mb)  (m} {°C} (°C) (m/s) (m}  (ft) (m/s) (kt)
1 854 1474 18,4 10,4 o 2 1474 483 140 2 4
7 850 1508 18,6 RB.,6 140 3 182 6000 125 5 9
3 831 1793 28,8 9.8 2134 7npoG 150 4 8
4 700 3162 10.4 2.6 253 1 2438 BO000 195 3 5
g 67Z 3%00 7.8 5.2 2743 000 27% 2 3
6 824 4107 4.2 -25.8 3858 12000 14% 2 4
? 500 5370 6.7 18,7 220 8 4276 14000 215 5 3
8 400 7870 20,7 -21,2 210 15 4572 15000 710 & 11
g 300 9650 -33.7 -43.7 4877 18000 220 8 15
i 5182 17000 230 8 1%
13 8098 2040060 220 & 1g
12 Fa620  2eaGh 210 i4 30
13 8730 27600 205 17 33
14 93144 30000 210 20 38
TABLE C£-17. GRAND JUNCTION RAWINSONDE DATA, AUGUST 5, 1982, 0000 GMT
GJT 82080500
MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  H4T T 10 DIR SPD HEIGHT  DIR  SPEED
{mby {m} (°C} (°C} {mis}  (m@ (fi} im/s} (¥t}
1 853 1474 28,4 5.4 280 4 1474 4838 280 4 g
2 850 1503 29.4 4,4 285 4 1829 8000 315 i 2
3 605 4397 3.4 2.6 2134 7000 338 1 2
4 544 5280  -2,7 -12.7 2438 8000 30 1 2
5 500 8914 -§,7 -24.7 2743 9000 280 2 4
& 472 7218 14,7 447 3858 12000 2%% % g
7400 7620 17,3 -47.3 215 13 4267 14000 250 8 15
8 300 9700 -32.9 -62.9 220 25 4877 186000 250 5 10
9 6096 20000 220 3 6
10 5441 210006 23k b 1}
11 7620 25000 215 13 26
17 8839 29000 210 16 31
13 9144 30000 215 18 35

13%



TABLE C-18, GRAND JUNCTION RAWINSONDE DATA, AUGUST 5, 1982, 1200 &7
64T 82080512

MARDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HGT T 7o DIR SPD HETGHT  DIR  SPEED
{mb} {m} {°C} (°C) {/s) {my {ft) {mfs) (kt}
1 8% 1472 20,7 3.7 120 4
¢ 850 153% 22,4 5.h 121 4
3 8000 2060 20,1 0.7 117 2
4 150 2813 17.5 4.5 274 ?
5 700 3198 13,3 1,0 338 1
) 650 3316 7.6 -1.1 126 2
7 630 42 5.1 1.2 147 2
8 00 4458 1,6 -3,0 188 4
9 5689 4935 ~2,7 5,2 243 5
10 585 8091 3.2 -15.2 207 4
i1 550 5183 ~3.6 «iB8,0 210 4
12 510 5755 7.3 -23,1 201 6
13 560 5510  -6.7 -23.4 201 7
14 450 8724 -12,2 -29,0 204 7
15 400 7614 -18.4 -35.4 220 12
16 372 815 -20.3 -50.3 220 15
17 350 8605 -24.1 -47,7 221 15
iz o 9765 33,7 -41.1 224 17
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TABLE C~19. GRAND JUNCTION RAWINSONOE DATA, AUGUST o, 1982, 000G GMT
GJ4T  BZOBOGOO

MANDATORY AND SIGNIFICANT LEVELS WINDS
DRES  HGT T 10 DIR $PD HEIGHT  DIR SPEED
{m} {m) (°C)} (°C} (m/s) {m) (ft} {mfs} {kt}

1 85 1472 317 2.8 300 3

Z gh0 153 31.% 1.5 300 3

3 B0 2068 26,9 3,1 304 4

4 7% 2633 21,8 -B,2 276 6

5 700 3224 15.8 5,0 267 2

6 650 3847 10,4 -8,3 193 1

7 631 4065 B4 -0,5 133 |

8 8608 4398 6,1 7.6 194 1

9 A00 4506 5.2 -8,6 194 1

1 850 5208 -1,1 -15.2 61 2

11 543 831y 2,1 -16,2 54 7

12 500 5962 6.1 -36,1 238 3

13 469 6461 8,7 -3R,7 217 5

14 463 6561 -9.3 -21.4 209 &

15 450 6781 -11.2 -23.6 201 7

16 446 6849 -11.% -20.3 200 7

17 430 7128 -13.9 -18,1 201 9

18 409 7507 -15.,3 -45.3 212 11

19 400 7675 16,1 -27.7 215 11

20 3RY 7923 17,7 -27.8 216 11

21 374 8178 -14,5 -31,5 214 12

22 387 8318 -20.6 -29.2 212 17

23 362 8419 -21.0 ~31.3 210 i3

24  3%0 8670 -22.9 -33,2 208 14

265 310 9544 .29,9 -30,0 221 13

26 300 §777 «31.68 ~38.0 224 14

13
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TABLE C-29, GRAND JUNCTION RAWINSONDE DATA, AUGUST &, 1987, 1200 GMT
GJT 32080612
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MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HGT T W GIR SPD HE IGHT OIR SPEED
(mb} {m) {°C) (°C) {m/s}  {m} (ft] {m/s} {kt)
857 1472 4.0 5,7 120 4

850 1544 7240 3.5 125 5

800 2071 214 1.5 139 b

779 2361 20,2 0.5 43 5

769 241z 20,7 -G,1 145 4

IS6 2827 194 3.4 183 2

700 2218 15,0 ~15.0 3 1

Bus 3772 9.9 -6.6 75 1

650 38386 9.4 -84 75 1

608  438% 4,4 -4,2 244 1

600 4453 33 -4.4 284 1

58% 4642 1.7 -4,7 288 1

5% 5133 2.9 4.2 000 9

550 5180 -3.4 ~5.3 207 1

543 5292 «4.4 7.4 207 1

528 551% 4.9 -14.3 213 2

500  5%3¢ 7.6 -23.4 239 3

487 6143 -9.2 202 250 3

471 6401 -9, -27.1 266 3

450 6752 -1l.8 27,4 282 2

400 7645 17,1 28,4 233 3

385 8829 .23.9 -31,7 735 &

350 8635 ~24.8 -33.1 234 8

336 B%28 -27.4 -37,1 238 6

300 9735 32,6 -42,4 233 7
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TABLE C-21, GRAND JUNCTION RAWINSONDE DATA, AUGUST 7, 1982, 0000 GMT

GJT 82080700

MANDATORY AND SIGNIFICANT LEVELS WINDS
PRES  HGT T D DIR SPD HEIGHT DIR SPEED
(mb)  (m) (°C) (°C) (m/s)  (m)  (ft) (m/s) {kt)

1 855 1472 34,4 4,0 280 4

2 850 1523 32,3 2.3 2713 4

3 800 2064 27.4 1.6 254 3

4 750 2628 22.0 0.7 306 2

5 700 3221 16,7 -0.6 10 3

6 650 3847 11.6 -3.4 44 5

7 607 4413 6.6 -6,0 82 4

8 600 4500 5.8 -6.5 93 3

9 550 5213 -0.3 -10,5 95 3

10 521 5643 -4.1 -13,1 95 2

11 500 5366 -7.0 -11.4 93 2

12 478 6316 -9.8 -156.4 113 2

13 465 6529 -9.8 -26.0 136 2

14 450 6781 -11.3 -28.6 165 2

15 439 6971 -12.5 -30,7 161 2

i6 400 7675 -17.5 -28.2 181 5

17 365 835 -20.8 -35.6 192 7

18 350 8668 -23,2 -41,3 195 7

19 300 9774 -32.0 -62.0 210 8
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