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EXECUTIVE SUMMARY

The Mock Urban Seting Test (MUST) was conducted for the Defense Threat
Reduwction Agency (DTRA) at theU.S. Army Dugway Proving Ground (DPG) Horizontal Grid
test Steon 6-27 September 2001 The experimental objective was © acquire meteorological and
dispersion data sets at near full-scalefor use in urban dispers on model deve opment and
validation. MUST collaboratorsincludedthe U.S. Army Atmospheric Research Laboratory,
Canadian Defence Research Edalishment Sufield (DRES), UK Defence Science and
Tednology Laboratory (DSTL), U.S. Department of Energy (DOE) LosAlamos National
Laboratory (LANL), and researchers from Arizona State University (ASU) and the University o
Utah. Thisreport contains abasic description of the MUST field program and documentati on of
the DPG West Desert Test Center (WDTC) contributionto the MUST database. As MUST
collaborator contributionsbecome available, they will beaddedto this database.

MUST was designed to owercome the scaling and measurement limitations of
laboratory experiments and the characterization difficultiespresented by red urban settings. The
MUST design consisted of aregular 12 by 10 aray of conex shipping mntainers (each 122 m
long, 242 mwide, and 2.54 mhigh) that produced urban-scale roughness over a2004m square
area. The container spacing was chosen to estalish awake interference flow regimetypical o
mary U.S. and European urban settings.

A tracer gas (propylene) was released from postionswithin or immediately outside o
the shipping container array duringthe MUST trials. Each release was either a plume from a
continuous point source or aseries of puffs. Disperson of the tracer gasthrough thearray was
measured using fast-responsephatoionization detectors (PIDs). PIDs mountedon 32-m towe
and several 6-m towerswithin the MUST array provided vertical sampling of the dispersing gas,
while PIDs distributed along four sampling lines provided lateral dispersion informaion. The
32-mtower also servedas aplatform for meteaological profiles and infrared (IR) therma
mapping of the tracer gas. MUST included extersive meteorological documentationwithin and
around the test site to characterize flow fields, turbulence, tenperature and momentum gradients
and fluxes, and amospheric stabil ity

MUST was a collaborative effort by adiverse goup of researchers, including both
modelers and experimentalists. The goportunities for interactionduring MUST and the post-tes
analyses should provide synergy for arapd advance in the understanding of urban dispersion
processes. Sixty eight useale trial events (63 continuous releases and 5 trias with multiple puff
releases) were completed during MUST, resulting in 16 hous of continuousrelease dispersio
dataand 4.75 hous of puff data. MUST ted dataare archived onasetof compad disks (CDs)
which will be shared freely among test participants. Preliminary analysisof the PID data
indicates that the conex array hada profound influence ondispersion. Detailsof this influence
will emerge as analyses of the MUST dataases are completed



SECTION 1. INTRODUCTION

1.1 BACKGROUND

1.1.1 Modern military conflicts and terrorist activities accur with increasingly regularity in
urban settings. Thisis acause for concern becausethe exposure of large popuatons to military
andterrorist activitiespresents the possibility of mass casualtieswhen weaponsof mass
destruction (WMD) are used. Effective mitigationof chemical or biologica agent releases in
urban settings is predicated upon an understandng of transport and dispersion processes within
urban settings. This understanding must be incorporated into the physics of operational urban
dispersion models. Suchmodels are neededto devel op doctrine; plan counter-proliferaton
operations; assess, track, and determinethe urce of hazardous material releases, devebp
casudty estimates and emergency response plans, and assist in after-the-fact forensic analyses.

1.1.2 Structures within urban settings create their own roughness-inducd bowndary layers that
affect thedispersion of toxic materials in waysthat are poorly understood. Although multi
national efforts are currently undeway to develop urban dispersion modds, the data set
availabeto date  test these models are primarily laboratory (i.e., wind tunnel and water
chanrel) measurements and atmospheric measurementswith arrays of small (on theorder of 1
m) objects. A few tracer experiments have also been condudedin urban settings. It is not
possible to adchieve the proper scaling and to take sufficiently detailed roughness layer
measurementsin laboratory experiments. Onthe other hand, real cities are overwhelming in
their size and complexity, and the reease of tracer gases within these settings can also be
problematic. Asaresult, there arefew adeguately scaled and thoroughly documented urban
dispersion data sets. The need for awell -documented basdine data set for urban dispersion
model development and evaluation hasled DTRA to gponsor MUST as animportant
intermediate step between the laboratory and small-scale amospheric experiments and a full-
scale wban dispersion experiment plamed for 2003

1.1.3 MUST was designed to overcome the scaling and measurement limitations of |aboratory
experiments and the characterization difficulties of real urban setings A 12 by 10 arrayo
shipping (conex) containers was used to produce a wake interference flow regimetypical of
mary U.S. and European cities. The appoximately 200-m square array created for MUST was
sufficiently large to create its own internal urban roughnesssublayer, bu sufficiently small to be
acequetely characterized using available ingrumentation.
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SECTION 2. TEST SUMMARY

2.1 THETEST SITE

2.1.1 MUST was conduwcted at the DPG Horizontal Grid, whichis located in the Great Basin
desert of western Utah [40° 12.606 N, 113 10.635 W, 1310m above mean sea level (MSL)].
Thetest siteis predominately flat, with gparsegreasewood and sagebrushof 0.5to1.0 m heigh
asthe predominant vegetation. The surfaceroughness lengh z, outside the MUST array is
within therange of 2to 4 cm. Terrain features that may influence winds over Horizontal Grid
include sand dunes 4to 6 min height 1 km to the north, Grante Mountain rising 700m above
the basin floor 12km to the southwest, and the Cedar Mountains with heights of 600m above
the basin floor 24km to the northeast The terrainslope is Q5 m per kilometer, rising to the
south.

2.1.2 Horizontal Grid iscomprised of aseries of roadsformed in asgquare with aside length of
805m (0.5 miles). It cortainsa central 32-m tower and 28 parallel roads gaced aB0-

intervals with an orientation of 240060°. Thegrave and/or crumbling asphalt grid roads are
appoximately 2 minwidth. A power pde with transformersislocated 560m east of the
Horizontal Grid tower. Commercial power from these transformers was cbledto the VIP van,
which was located at grid center near the base of the 32-m tower, andto two command post (CP)
trailerslocated east of the Horizontal Grid eastern boundery road (referto FHgure 1). The VIP
and CP trailers served as data acquisition centers duing MUST. Table 1 givesthelatitude and
longitude of significant positionsaround Harizontal Grid.

2.1.3 The MUST urban rouginess layer was created using conex containers (each 122 m long,
2.42mwide, and 2.54 m hgh) positioned around the center of Horizontal Grid. Asshownin
Figure 2 the conex containerswere arrangedina 12by 10array. Each container was assigned a
letter (A through L) and number (0 through 9) to ddineits position within the array. Cortainer
A0 was located in the northeast corner of the array, and containers A0 through A9 defined the
northwest border of theconex array. Similarly, containers LO waslocated in the southeast corner
of the array, and containers LO through L9 formed the sautheast border of the array. As
indicated onFigure 2and in Append x B, the conex array was nat quite square. Smdl offsets
were necessary to avoid guy wires, and severd alignment errors occurred dueto the dsturbance
of some survey markers. Appendix B provides cktails of theconex pasitionsonthe MUST grid.
The VIP van, identifiedas VIP in position H5 onFigure 2 and in Appendix B, served as the
collection point for WDTC sanic and PID data.

2.1.4 The MUST experiment wasdes gnedto accommodate vertical as well as harizontd tracer
sampling. Theconex array was positionedaround a 32m tower that servedas a platform for
tracer gassamplers, imagers, and meteorologica equipment. Additiond temporary 6-m towers
were erected in each of thefour quadrants (northeast, southeast, northwest, and southwest) as
shown onFigure 2 to suplement vertica sampling on the 32-m tower. Additiona towerswere
positioned within the conex array to sugport detaledwind and turbulence measurements.
Climatological analysis indicatesthat the mos frequent winds at Horizontal Grid are from the



Talde 1 MUST Equpment L ocations.

Equpment Latitude Longitude
(°N) (W)
VIPVan 40.2101 1131774
NE corner of conex L9 40.2094 1131777
NE corner of conex LO 40.2101 1131760
NE corner of conex A9 40.2107 1131788
NE corner of conex AO 40.2115 1131770
32-m Tower 40.2102 1131773
South 16-m preumatic mast 40.2094 1131767
North 16:m pneumatic mast 40.2112 1131782
Tethersonde Ste 40.2124 1131730
Actinometer/FOQT 40.2127 1131728
ASL Radiometer 40.2123 1131729
U of U Sodar 40.2122 1131724
FM-CW Radar 40.1970 1131676
924-MHz Profiler 40.1981 1131666
SAMS #8 Horizontal Gri 40.1965 1131667
SAMS #9 X-Ray Road 40.2426 1130932
SAMS #15 Sdt Flats 40.3409 1132354
SAMS #16 Cedar Mountain 40.3674 1130041
PWIDS M1: N. Horizontal 40.2387 1131935
PWIDS M2: W. Horizortal 40.2119 1132111
PWIDS M3: Zulu Rd 40.1937 1131971
PWIDS M4: Radial 36 40.2154 1131348
PWIDS M5: Burns& Victory 40.1854 1131513
PWIDS M6: Profiler Site 40.1969 1131673

southeast and northwest. Consequently, one 16-m pneumatic mast was stationed 30 m northwest
of the conex array and another was stationed 30 mto thesoutheast of the array to doaumen
flow immediately upstream and downstream of theconex array.

2.2 TEST DESIGN AND CONDUCT

2.2.1 The MUST experiment wasdesgnedto document the effects of an array of large building-
like obstacles on flow and dispersion over arange of atmospheric stability regimes (Biltoft,
200]). Tothat end, tracer gas (propylene) dissemnation |ocations were egalli shedupwind o
PIDs pasitioned within the conex array. The dissemination locations are numbered 1 through 37
inFigure 2(see dso Table 3in Section 25). The PIDs were pasitioned along sampling lines and
on towers to obtain information abou lateral (crosswind) and vertical plume dimensionsduring
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Figure 1 Layout of Horizontal Grid and the surroundng area duing the MUST experiment.

continuousreleases, plus information onlongitudinal (alongwind) dispersion during puff
releases. With PIDs stationed on four sampling lines as shown onFigure 2, dispersion
measurements were obtained over distances of several 10sto 100m or more. Releases were
scheduled either from 0200to 0900M ountain Daylight Time (MDT) or from 1800to 24@ MDT
to obtain dispersion data over the desred range d wind and stability conditions.

2.2.2 Substantial meteorological measurements were madeto dacument conditions duing the
MUST tracer releases. Thesemeasurements included wind and thermodynamic profilesthrough
the boundary layer and detailed flow, turbuence, and temperature and momentum flux
measurements upvind, downwind, and within the conex array. Supplementa measurements
were made of temperatures on the five expased surfaces of several conexes, and of temperature
profiles within and outside the conex array. Solar ard terrestrial radiation were also documented

2.2.3 MUST experimental data were collected with respect to acommon time base. Inter-range
instrumentation group (IRIG) time was providedat the VIP van and at one of thetwo CPtrailers.
The WDTC and DSTL data acquisition equipment were synchronized usingthe IRIG gandard.
IRIG time was also made availade to ather test participants.
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Figure 2 Depictionof the northwest (top) and southeast (bottom) portions of the MUST conex

array. Traoer dissamination positions are labeled 1 through 37.



2.2.4 WDTC weather observers povided houly weather observationsfrom the CP area during
MUST. These observations, contained ona MUST data CD, included temperature, humidity,
winds, pressure, sensible weather, sky condition, and ground condition The CP trailersalso
servedasthe dita collection point for the wind and thermodynamic profile and radiative flux
measurements.

2.2.5 The MUST array produced asimplifiedurban setting withina full-scale planetary
boundary layer (PBL). The PBL is wsually modeled ashaving aninertia sublayer (ISL) lying
above an urban rougess sublayer (RSL) and below the mixed layer (ML). Monin-Obukhov
similarity (MOS) scaling and the semi-logarithmic wind profile are expected to pertain within
theISL. The ML exhbits height-indgpendent convective velocity or residud layer scaling. The
RSL extended to a depth of several canopy (rooftop) heights as a consequence of flow through
the MUST array. Because oneof the MUST obj ectives was 1o acquire sufficient meteorologica
profilesto assst in devdopinganappropriate RSL scding, the MUST designinduded sufficien
measurementsto characterize windprofiles, fluxes, and turbu ence from within the canop
throughthe ML.

2.3 TRACER DISSEMINATION AND DETECTION

2.3.1 The tracer dissamination equipment, which was smilar to that described by Yee efal.
(1993, condsted o three propylene cylinders (Matheson 1F, weighing 82Newtons each)
connectedthrough amanfold to a Teledyne Hastings-Raydist mass flow controller. Metered
amounts of tracer gasexited the massflow controller througha50-m dissemination hase to
polyvinyl chloride (PV C) outlet pipe with adiameter of 0.05 m The propylene cylinders were
immerseal in awater bath to minimize changesin cylinder pressure during arelease. Tracer gas
release rates were controlledto within +2 percent over user-seected flow rates ranging from 150
to 225L min™ by mass flow cortroller eectronic circuitry. Puffs d 5-sduration and an
estimated 10-L volume were squentially released using the same equipment. When positioned
for a gound or rooftop release, the outlet piperested ona wirewhed 0.15m abowe the surface,
asshowninFigure 3. Otherwise, the pipe stood vertically onitstripod. Tades 2and 4in
Section 2.5 provide gasrelease height details. Infrared (IR) imagery contained on MUST data
CDs depict near-source plume dispersion.

2.3.2 Factorsconsideredin selecting propylene asthe tracer gasincluded cost, availability,
safety and health, and compatibility with thePIDs. Propyleneisa commonly used welding gas
that isalso available in certified quantities almixed with air (nominally 1, 10, 100, 1000 par
per million by volume, ppmv) that are sutale as cali bration standards. Propyleneisflammable,
but isnat dangerousor harmful in quantitiesthat coud be releasedthrough the dssemination
system into the open atmosphere. Propylene’s photoionization potential of 9.73 dectron volt
(eV) makes it suitade for use with PIDs containing alamp rated at 106€V. The alvantages o
the PID include its relatively low cost andthe high (50-Hz) samping rate needed to develop and
test next-generation dispersion madds. The use of propylene/PIDs as the tracer/sampler
combination isoptimal for downwind sampling distances of several tensto several hundreds o
meters because gas concentrations within these distances are expected to range from 0.5 to 500
ppmv, well within the PID operating range.



Figure 3 The propylene dissemination pipe (Phato by ChrisBiltoft, WDTC).

2.3.3 Biltoft (199%) analyzed the maomentum and buoyancy effects d propylene gasexiting a
vertically oriented outlet pipe on dissemination equipment of the type wsed during MUST. The
tracer gasexitsthe outlet pipe at a velocity of lessthan1 ms?, initially rising until its
momentum dissipates and then sinking due  negative buoyancy. The momentum-induced
plume rise was found to be not more than a few centimeters. Becausepropylene exceedslie
denrsity of air by afactor of 1.4, it canexhibit dense gaseffects. Biltoft (1995)found that he
propylene cloudusually reachesequilibrium with ambiert density within afew tens o
centimetersof the top of the outlet pipe. However, the propylene cloudmay dump to theground
and pool in cam winds. Biltoft (19%) therefore concluded that momentum and buoyancy have
minimal effects on dume height except for noctumal releases inwinds o 1 m s* or less, when
slumping and pooling can occur.

2.3.4 The PIDs wsedduring MUST were the Aurora Sdentific, Inc. digital photoionization
detector (digiPID) shown in Figure 4 and the Indudria Develop Bangor Ltd. Ultraviolet lon
Collector (UVICO) shown in Figure 5. These PIDs operate by drawing a gream o air across the
face of anultraviolet lamp tha produces ultraviolet (UV) radiation with aphaon energy of 10.6
eV. A portion of gas comporents such as propylenethat have an ionization potential less than
10.6 eV isionized andthese ionsare colleded onelectricadly biased plates downstream of the
UV lamp. Plate current generated by ion impingement is convertedto a sgnal voltagethat is
relatedto concentration throughcalibration. UVICsfeature adired current (dc)-drivenkrypton
UV lanp that enhances cdibration and baseline stability. A flow rate of 40 L min® through the
collector tube minimizes lamp window foulingand ion recombination before collection on he
chargedplates. The UVICswere calibrated over arange of 0.01 to 100Qopmv. Data generated
at ab50-Hz rate were sent over coaxial cables to a pesonal computer (PC)-based acquisition and
display system. ThedigiPID features a20-hit analog-to-digita converter, a50-Hz frequenc
response, and acalibrated operating range of 0.04 o 1000ppmv. Al digiPID instrument
functions (on-off switching, gan control, zeroing, etc.) were controlled remotely from a PC,
which also displayed thedatain red time. A total of 48digiPIDswere either mounted on the 32-
m tower for vertical gas concentrationprofilesor placedon standsat 1.6 m éove ground level
(AGL) along four sampling lines within the MUST array. Six UVICswere mountedon each of
four 6-m towers, onewas placed in the wake of a conex container, and andher was positioned



Figure 4 Digita photoionization detector (digiPID) mountedon stand with the 32-m tower in
the badkground (Photo by Sam Chang, ARL).

Figure 5 Ultraviolet lon Collectors (UVIC) mounted on a6-m tower (Photo by Sam Chang,
RL).



next to adigiPID for instrument intercomparison. (Refer to Appendix C for more detailed
information onPID locations) All of the PIDswere orientedtowards the southeast, the expected
predominant wind direction. digiPID and UVIC were also calibrated together for quality
control. The digiPID and UVIC datawill be analyzed and presented as asinge data set.

2.4 METEOROLOGICAL MEASUREMENTS AND THERMAL MAPPING
2.4.1 Tethersonde

The AlIR, Inc. (currently Vaisala, Inc.) tethersonde is atethered baloonsounding system
consisting of abase station, ahelium-filled 9 2 balloon, awinch to cortrol baloonheight, and
battery poweredflight equipment suspended below the balloon (see Figure 6. Theflight
equipment consigts of acupanemometer and vane; temperature, humidity and presaure sensors;
and atransponder that transmitsflight datato a base station. During MUST, tethersonde flights
providedwind and thermodynamic profileswithinthe ISL and ML between the surface ard the
desiredaltitude, nominally 300-L000m AGL. Wind loading isa limiting factor fortethersonde
operations; they were nat flown inwinds exceeding 8 ms™. Tethersonde flight profiles,
normdly peformed within 1 hou of each MUST trial, were obtained by the ASU
Environmental Fluid Dynamics Groupfrom a position 330 m est of the northeast corner of the
must array. Tethersonde chta are includedon the set of MUST data CDs.

Figure 6 Flight equpment suspendedbelow atethersondeballoon. (Photo by Young Yee,
RL).
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2.4.2 Sonic Anemometer/Thermometer (Sanic)

A sonic anemometer/thermometer (sonic) consists of atransducer array containing paired
sets of ultrasonic transdwcers designedto alternately transmit and receive pulses of amustic
energy, a system dock, and arcuitry designed to measure transit time between the transmission
and reception of amustic signals between transducer pairs. Sonics typically have 2- or 3-
dimensond arrays for measuring horizontal wind comporents or the full wind vedor. Sanic
output includes wind components and speedof sound ata use-selectedrate between1 and 60 Hz
with measurement accuracy of 0.01to 005 ms'. Thesedata are processd to produce wind and
turbulence statistics and fluxes of heat and momentum withinthe RSL and ISL. WDTC sonics
were mountedon the 32-m bwer at grid center (4-, 8, 16, 24, 32m leves), onthe 16-m
pneumatic masts outside the container array (4-, 8-, 16-m levels), and at 1.15m AGL between
and infront of theconex containers immediately west of the 32-m tower. Additional sonics
providedby MUST collaborators were mounted at the 2.4- and 6-m levelson each of the four 6-
m towers, near the dissemination source, on theroof of Conex 16, and at severd other positions
withinand outside the array. (Appendx C providesadditional information onsonic anemometer
positions and data sets.) Figure 7 showsaMUST partici pant examiningthe mounting of aDSTL
Gill Windmaster sonic anemometer, Figure 8shows an Applied Technologies, Inc. (ATI) VX
vertical turbuence probe stationed near the VIP van, and Figure 9 shovsthe ATl Sx probe
mounted on the 32-m tower. Images of other typeso sonics deployedduring MUST are
contained onthe data summary CD.

Figure 7. Young Yeewith DSTL Gil Windmaster Sonic on 6-m tower (Photo by Sam
Chang, RL).
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The WDTC sanic anemometer data are containedon aset of six CDs. The un-edited 10-
Hz dataare presentedinterse ASCII format (nodecima points or spaces), with the start time d
thefile (MDT) inthe file name. Eachlineof datais associated with a specific 0.1 stime period.
Missing data areindicated by —99990r —99999. Each column of datais spedfic to one sonc
anemometer data chamel, and the order of presentation is. (1) the along-axis componert (u), (2)
the cross-axis component (v), (3) vertica velocity (w) (3-axis sonicsonly), and (4) speed 0
sound (c). The u v, and w channelsare five charactersinlength and speed of saund is seven
charactersinlength. Following the geed of sound some of the 3-axis sonics mountedon the 32-
m tower isthe cross-axistilt (t) andalongaxisroll (r) of thesonic head (Moredetailed
information on sonic data channelsand dignment is presented in Appendix C.) Sonic filesbegin
with two-digit month (MM), day (dd), howr in MDT (hh), minute (mm), and seconds (sS)
followedby alocation identifier. MM ddhhmmssvx.dat indicates 3-axis sanic datafrom the Vx
probes, MMddhhmmssnorth.dat indicates2-axis onic data from the north pneumatic mast;
MM ddhhmmsssouth.dat ind cates 2-axis sonic data from the south pneumatic mast;
MM ddhhmmss 8 METER.dat files contain data from the sonic mounted & 8 m AGL on the 32-
m tower; and MM ddhhmmssTOWER.dat files contain the 4, 16-, and 32-m sanic datafrom the
32-mtower.

Figure 8 ATI Turbu en) r cni c with the VIP Van 32—m ' bd(ground.
(Photo by Sam Chang, ARL).
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Figure 9 ATI 3-axissanic array (Sx probe) (Photo by Gary Ganong, Logicon RDA).

2.4.3 Fiberoptic-Quartz Thermomeer

The Ipitek, Inc. fiberoptic-quartz thermometer (FOQT) is athermometer conneded b
optical fiber cabling o four remotely located probes. Each probe houss aquatz aystal
machined for atemperature-dependent resonance frequency. Theprobe'scrystal produces a
temperature-dependent frequency that is beat against a reference oscill ator, producing a
temperature-dependent beat frequency that is transmitted to the thermameter for conversion to
temperature. Each probe produces ameasurement every 2.67s. The FOQT were used to
measure the temperature dfferencesbetween thesurfaceand 2 m AGL. Useof the quarz
crystal and optical fiber eliminates the del eterious effects of stray electromagnetic forces, ground
loops, probe heating, and related factorsthat often make accurate air temperature profiling
difficult. Thequartz probeswere exposed withoutshielding a the surface of and above an
und sturbed patch of ground. Measurement levelswere at the surfaceand 0.01, 005, 0.10, 0.25,
0.5, 10,and 20mAGL. All probeswere assumedto beexposed to comparable radiation loads,
eliminating the need for solar exposure correction when used for temperature gadien
measurements. Absolute temperature accuracy is grongdy influenced by solar radiation
absorption, which can elevate thetempeaature by sveral degrees Celsus However, inter-probe
accuracy isonthe order o + 0.02°C. The quartz thermometer system operated continuoudy
during MUST at an undisturbed location approximately 30 m north of the CP trailer. All probes
were immersed together in a variable temperature bath prior to and after the tes program for
quality control. The FOQT experienced periods of data lossdue © thermometer box temperature
and grounding problems. Available un-edited FOQT dataare containedon the MUST CD set in
the filename.dat format describedin Appendx C. These temperature cata were recorded with
respect to MDT.
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2.4.4 Hot-wire Anemometer

A hot-wire anemometer consists of athin (5- or 12-pum) tungsten wire array consisting of
oneor mare heatedwires, each of whichis mountedin a Wheatstone bridge connectedthrough a
series of amplifiersto a PC-based datareaording system. Wire resistance varies with its
temperature; air blowing over the heated wirereduces wire tempeaature. A fast-acting bridge
circuit maintains the wire at constant overheat temperature (well above ambient tenperature) b
sendng varying anaunts of electrica current through the wire in responseto thewind's cooling
effect. Theresult isameasurement of wind flow acrossthe axis of the wire. An arrayo
multiple wires can resolve multiple wind velocity components and feauressuch as velocity
gradients and vorticity. Because of the probes small size and fast response, hot-wire
anemometers are usedfor high frequency (onthe order of 1000-Hz) velocity fluctuation
measurements. Hot-wire anemometry was wsedto characterize fine-scale turbulence above the
conex container height, but withintheRSL. Becauseof the neal for frequent calibration, the
hat-wire anemometers sampled only over operator-seleded periods duing MUST. Integration
of hat wireswith two miniaturizeddigiPIDs produced ascdar trangport probe (STP), whichis
describedby Metzger andKlewicki (1999) The measurement of gas concentration and two
components of the velocity field a two localized pointsin theflow provided direct measuremen
of scalar variance trangport. The STP wasmounted at 2-m above the roof of Conex 16 near the
center of the array in order to sample tracer gas transport within the RSL. Researchers from the
University of Utah Department of Mechanical Engineering qoerated the hot-wire anemometers
and STP.

2.4.5 Sound Directionand Ranadng (SODAR)

A Doppler acoustic sounder (Sodar) is a suface-based remote sensing instrument tha
uses the acoustic Doppler effect to measure vertical profiles of wind and turbuence. An
AeroVironment, Inc. Model 4000mini-sodar operating at afrequency of 4500Hz was wsed
during MUST. The Model 4000antema consists of a pfhasedarray of amustic transmitters
designed to produce a series of acougtic wavefronts that propagate dongradal directions
orientedtowards the vertica and at 16° off the vertical axistowards the east or west and north or
south. Energy is backscattered aong exch radial by turbulent inhomogenreitiesthat the
wavefronts encounter as they propagae throughthe atmosphere. These return signals are
Dopper-shifted by theair movement adong treradial direction. The Doppger-shifted return
signals are time-tagged to determine the height from which they were reflected and are processed
into range-resolved velocity components. The radia velocity profiles are subsequently resolved
into vertical and horizontal wind componert profiles. The Model 4000sodar, deployed for
MUST by the University of Utah Department of Mechanca Engineering, provided 10-min
averagedwind profiles between15and200m AGL in 5-mintervals. It operated continuousl
throughout MUST from alocation 30 m est of the CP trailers. Sodar performance can be
characterized interms d bias, comparability, and precison, dl of whichvary with sodar settings
and metearological variables. Sodar characterization studies (see, for example, Crescenti, 1999)
suggest that Sodar measurements are accurate within the range of 0.5t0 1.0 ms' and 10to 20
degees of azimuth during most conditions.
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2.4.6 Patabde Weather Informationand Display System (PWIDS)

The WDTC-developed Portable Weather Information and Display System (PWIDS)
station consists of a tripod-mounted propdler-vane wind manitor, a temperature/humidity sensor
mourtedin a naturally-aspiratedradiation shield, a daa logger, an opticaly isolated RS-232
interface, and aFreeWavell spread-spectrum radio/modem. Power normally issupplied by a
solar panel with battery backup. The measurement height is2 m AGL. Six PWIDS stations were
positioned aound Horizonta Grid at distances of several kilometers from grid @nter to
characterize the undsturbed temperature, humidity, and flow fields around the MUST site.
Tale 1lists the PWIDSlocations. The PWIDS data acquisition rateis 1 Hz, and the data
collected during MUST were averaged to 10-s intervals. Accuraciesof the Wind Monitor are
+0.2ms™ and + 3°. The temperature/humidity probes are accurate t0+0.5 °C and +5 percert
respectively when aspirated at aflow rate of 2m s or higher. PWIDS datawere continuoud
collected and displayed at the Ditto Weather Station and the CP dwing MUST. PWIDSdatain a
filename dat format are available in the MUST CD collection. These dataare presenied in
Mountain Standard Time (MST).

2.4.7 Surface Atmospleric Measurement System (SAMS)

The Suface Atmospheric Measurement System (SAMYS) is amesometeorological
network of data collection platforms (DCP) connected to a set of PC-compatible workstations.
The DCPs are installed at fixed |ocations across DPG, with the data continuoudy transmitted b
modem to the acquisition control urit for processing, qudity control, display, and archival. Each
DCP supprtsan RM Y oung Wind Monitor a 10 m AGL and Vaisala CS500temperature,
humidity, and pressure probesat 2m AGL. Some SAMS stations also suppat solar radiation
and precipitation measurement instruments. Sampling isat arateof 1 Hz except for presaure
which is measured once per minute, and the dataare archivedas 15-min averages. Instantaneous
maximum (1-s) wind and maimum and minimum temperature cita arealso archived for each
15-min period. Accuracies of the Wind Monitor are+0.2 ms™ and + 3°, and the temperature/
humidity probesare accurate to £0.5 °C and £5 percent respectively when aspirated at a flow
rateof 2 ms™ or higher. Datafrom SAMS 8(south of Horizontal Grid), SAMS9 (east of
Horizontal Grid), SAM S 15 (horth of Horizortal Grid), and SAMS 16 (Cedar Mountain,
northeast of Horizontal Grid) are archivedin MST for the MUST test period in afilename.txt
format on MUST data Ms. A readme file isavail able on the CD to describe the file contents.

2.4.8 Thermocougdes

Thermocoupes consist of contact temperature sensors wired withtwo dissmilar metal
to areferencejunction mountedin anisothermal block, and a data acquisition system.
Thermocoupe operation isbased onthe Sesbedk thermod ectric effect: heating thejunction d
two dissimilar meta wiresinduces a flow of current, or anet open circuit voltage. For smal
temperature charges, the Segbed voltageis nearly linearly propartional to temperature. Type T
(copper-constantan) thermocouples with aself-adhesive bading were attached to the five
exposedsufaces of containers G4, G5, G6, and G7 for skin tempeature measurements. These
thermocougdes, which were terminated with 91.4-cm (36- inch) leads, have aresponse time o
0.3 sor better. The expected temperature measurement accuracy is = 1° C. Upon completion of
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the MUST experiment, these thermocoup es were placedtogether inacommon bath. The resuts
are pesentedin calibration filesona MUST CD. The median bath temperature is recommended
asthe best estimate of the true thermocouple temperature, and the other thermocoupe
temperatures should beadjuged accordingly. Themocouple datawere collected with respecto
timein MDT at arate of 1 Hz when the test grid was active, and are avail able in Exce
(filename.xlIs) format on aMUST dataCD. Refer to Appendx C for details of thermocouple
locations.

2.4.9 Actinometers

Actinometers produce measurements of solar and terrestrial radiationin Watts per square
meter (W m?). Epey precision spectra pyranometers and pyrgeometers were wsedto define
the incoming and outgoing long- and short-wave radiation andradiative balance with an
aaurac of + 5W m™. Pyranometers measure hemispheric incoming or outgoing short-wave
radiation (at wavelengths of 0.3 to 4.0 um), and pyrgeometers measure hemispheric incoming or
outgoing longwave radiation (the 4.0- to 504um band). Pyranometers consist of thermapiles (a
series of thermoelectric junctions between two disimilar metas) coveredb a Schatt glassdome
that istransparent to radation inthevisible pat of the spectrum. A temperaturegradientis
created by plaang one set of junctionsin thermal contact with a non-wave ength-sel ective black
suface, while isolating the other set. The temperature gradiert produces avoltagethat is
propartiond to thetemperature dff erence and hence to the intensity of incident radation.
Pyrgeometers are of similar design except that the covering dome acts as abandpess filter for
long-wave radiation. Two eachpyranometers and pyrgeometers were mountedin pairson a
boom 1.5 m above an undsturbed, shadow-free section of ground at an undsturbed site 30 m
north of the CP trailer. One of each pair faced towardsthe sky and the other faced towards he
earth’s surface. Actinometer readings were logged every 5sin MDT and were collected
continuoudy during MUST. These ur-editeddata are available infilename.dat format on adat
CD.

2.4.10 Infrared Imacers

Infrared (IR) imaging radiometers (imagers) are passve optical devices sensitiveto IR
radiation in the 8- to 124um portion of the spectrum. Because propylene has a broad absorption
spectrum between 10 and 12um, the passage of propylene acrossthe imager’s field of view
creates an observalde thermal gradient against badkground tenperatures. IR imagers were used
to determine initial dimensions and behavior of tracer maerid released during MUST. The
imagers have atypica thermd sengtivity of 0.05°C, ascan rate of 50 Hz, ard 7-bit (128 levels)
image resolution. Thermal imagers were mountedat the 4 and 30-m levels of the 32-m tower
near grid center. Therma imagery is availablefor most of theplume releases. Thepuff releases
were difficult to diginguish from kackground because of the small massof material released.

2.4.11 Wind Profiling Radar

The Radian 924MHz LAP-3000radar wind profiler is a ground-based, phased arra
pulsedradar designed to provide wind profilesin 100-m range cates from 100 m through several
kilometers AGL. The radar emitsradio energy dongradia beams (vertical ard tilted toward
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north or south and east or west) and then listers for returned signals, which are Dopger shifted
infrequency by along-radia wind velocity comporentsand reflected back to theradar antenna
by density discontinuitiesin the aamasphere. Thetime-taggedradial velocity dataare then
resolvedinto alongwind, crosswind, and vertical velocity componertsat each range cate. These
velocity components are used to produce vertical profiles of wind speed and drection. Thewind
profiling radar was stationed 1.5 km sauth of Horizontal Grid and was operated continuoudy
with 15min averaging during MUST.

MUST wind profile records from the Horizontd Grid 924-MHz radar wind profiler
are available ona data CD. These records are grouped in daily filesnamed WY Y JJJ.CNS,
whereYY istheyea (01)and JWis theJulianDate. Each record containsheader informaton
that includes date, time (in Universd Coordinated Time, UTC), location, and profiler settings
and configuration. Wind profiles are presented by heightin 60-m range gates Every record
represents a consensus average over a 25-min period. All data are processed through an
auomated quality control program, bu are not manudly edited.

2.4.12 FM-CW Radar

WDTC'sfrequency-madulated continuous wave (FM-CW) radar, which was stationed
1.5 km sauth of the MUST dte, uses Braggscatter from atmospheric refractive index
inhomogeneitiesto observe the turbulence and wave structure within the PBL in fine detail.
When pointing vertically and operated in a range-only mode, the FM-CW radar produces time-
height refractive index profilesthat can be used to identify bourdary layer growth and collapse,
daytime mnvection, and wave structure in the nocturna residud layer. The FM-CW rada uses
alinear, continuous, snusoidal waveform inthe 3GHz range (L0-cm wavel ength) swept over a
200-MHz band. Thefrequency emitted at one part of this band propagates vertically, with a
portion of the energy backscattered to the recavingantennawhere it isdifferenced againstthe
original transmittedfrequency. The resulting beat frequency is proportional to therange a
which the backscatter occurred, and thesignal magnitude is proportiona to the strength of the
index of refraction variation. FM-CW radar resolutionis onthe order of 1 m inrange and afew
secondsintime, providing detailed boundary layer time-height sections.

2.5 TRACER RELEASE SUMMARY

2.5.1 Tabes 2through 4 summarizethe MUST tracer releases. TheMUST trias included 285
min of puff releases duing5 puff trials ard 959 min of continuous rdeasesduring 63 trials. Puf
releasesweretypically 10L of propyleneper puff disseminated over 5s. Theinterval between
puff releaseswas55to 115 s, depending onthe wind speed. Thedissemination rate for the
continuousreleases ranged from 150 b 225 L/min. Figure 10provides an example of propylene
concentrationmeasurements made during ore of the puff trials (Trial 2681921on 25September
2001). The datector number 41 through 48shown at theleft of the figure respectively identify
the digiPIDs at the 16, 12-, 10+ 8-, 6, 4, 2-, and 1-m levels of the 32-m tower.
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Figure 10 Redal-timemuti-level display of puff concentrations measured onthe 32m tower
during Trial 26819210n 25 Setember 2001 (Photo by Young Yee ARL).

2.5.2 Becauseof the regularity o conex height and gacing, six different tracer release postion
typeswere uisedduring MUST. These position types were assigned letters A through F as
follows: (A) 1 mupwind of conex face; (B) centeredin the narrow alley betweenconex
container ends; (C) centered in the intersection between four conexes; (D) on a conex rodf; (E)
upwind of (outside) the array; and (F) on theroad between conex longsides. Table 2 givesthe
distribution of releases by podtion and height above ground level (AGL).

Tale 2 Distribution of MUST tracer releases by postion and height above ground.

Height (m AGL)

0.15 1.3 1.8 2.7 5.2 Total

Position

Upwind Face (A) 9 3 5 -- -- 17
Narrow Alley (B) 2 0 2 - - 4
Intersection (C) 5 0 8 -- -- 13
Conex Rodf (D) -- -- -- 7 1 8
Outsde Array (E) 0 2 2 -- -- 4
Wide Alley (F) 10 0 12 -- -- 22
Tota 26 5 29 7 1 68
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2.5.3 The MUST tracer release locations, which are shown onFigure 2, were numbered
sequentially with thefirst rdease a location 1 on the array and the last at location 37 Multiple
releases were frequently made from the same locati on so that paired comparisans could be made.
Tale 3provides asummary of release locaions, including positiontype, positionrelative to the
conex array, and release type (continuous or puff).

Tabe 3 MUST tracer release locations, positions, andypes.

Position Arra Number of Trials
Location Type Position Continuous PuUf
1 B K2-L2 2 0
2 D Roof of K2 2 0
3 F K1-K2 1 0
4 C A5-A6-B5-B6 2 0
5 C A2-A2-B2-B3 3 0
6 B A2-B2 2 0
7 F B8-B9 0 1
8 C K8-K9-L8-L9 2 0
9 C K6-K7-L6-L7 2 0
10 A Upwind of K 4 0
11 C K4-K5-L4-L5 3 0
12 B K5-L5 2 0
13 B K4-L4 1 0
14 F K3-K4 1 0
15 F K2-K3 1 0
16 E 4m South of L5 1 0
17 E 4m South of L3 1 0
18 F J6-K6 3 0
19 F J5K5 3 0
21 F J3K3 1 0
22 A Upwind of J3 2 0
23 A Upwind of J6 2 0
24 C A7-A8-B7-B8 0 1
25 F 19-J9 2 0
26 D Roof of J9 2 0
27 F J7-K7 1 0
28 D Roof of J3 1 0
29 F K8-L8 2 0
30 F J9K9 0 1
31 A Upwind of K 2 0
32 A Upwind of J9 1 1
33 D Roof of J7 1 0
34 A Upwind of L1 2 0
35 A Upwind of LO 1 0
36 D Roof of LO 1 0
37 E 24 m Southof L1 1 1
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2.5.4 Tale 4provides a consolidated summary of the MUST tracer releases ketween 11 and 27
Sepember 2001 (Julian dates 254 through270). Thissummary includestrial name, the time tha
the gaswas turned on, dissemindion location, disseminaionduration, gas release rate, and
whether it was a continuous (C) or puff (P) release. Trial PID data typically include severa
minutes of baseline measurements before gasrelease and several minutesof baseline after the
gas hadcleared thegrid. Notethat the trials presented in bold type in Talde 4 are corsidered to
be of the highest qudity (i.e., substantial quantities of the tracer were detected onthe centra
tower and on at least three of the four sampling lines). In addition tothevalid trias presented in
Tabe 4 Trials 261053226106222640537, 265031 %nd 2650728 vere aborted dueto a wind
shift trangporting the tracer off the gid duing therelease.
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Tale 4 Consolidated Summary of MUST Tracer Releases.

Release
Trial Name Gason  Location® Postion° Height  Duration Rate Type®
(Jdhhmm) Time (mAGL) (min) (L/min)
(MDT)
2540300 0305 1 F 1.8 15 200 C
2540345 0350 1 F 0.15 15 150 C
2540425 0427 2 D 2.7 15 150 C
2540700 0705 2 D 2.7 15 150 C
2540730 0735 3 F 0.15 15 150 C
2561955 1957 4 C 18 17 200 C
2562042 2044 4 C 0.15 15 200 C
2562210 2212 5 C 18 16 200 C
2562235 2237 5 C 18 15 225 C
2562257 2259 5 C 0.15 15 225 C
2562325 2328 6 F 18 15 225 C
2562350 2352 6 F 0.15 15 225 C
2570548 055030 7 B 18 50 225 P
2580637 0645 8 C 18 15 225 C
2580720 0722 8 C 0.15 4 225 C
2580740 0741 9 C 18 15 225 C
2580806 0808 9 C 0.15 15 225 C
2580831 0833 10 A 0.15 15 225 C
2580855 0857 10 A 1.8 15 225 C
2610220 0222 10 A 1.8 15 200 C
2610458 0500 10 A 1.8 15 200 C
2610543 0545 11 C 18 22 200 C
2610708 071025 12 F 18 8:25 200 C
2610731 0732 12 F 18 15 200 C
2610758 0759 13 F 0.15 15 200 C
2620224 0225 1 F 18 15 200 C
2620246 0246 1 F 0.15 15 200 C
2620307 0307 2 D 2.7 15 200 C
2620332 0332 14 B 0.15 16 200 C
2620356 0356 15 B 18 18 200 C
2620433 0433 16 E 1.8 15 225 C
2620502 0502 17 E 1.8 15 225 C
2630415 0417 18 F 18 18 175 C
2630446 0447 19 F 18 7 175 C
2630636 0637 19 F 1.8 18 175 C
2630701 0702 18 F 0.15 23 175 C
2640138 0145 19 F 0.15 21 175 C
2640246 0251 21 F 0.15 15 200 C
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Release

Trial Name  Gason Height Duration Rate
(J3hhmm) Time Location® Position° (mAGL) (min) (L/min)  Type®
(MDT)
2640314 0314 22 A 0.15 9:30 200 C
2640425 042810 23 A 0.15 9:57 200 C
2640638 0639 23 A 0.15 8 200 C
2640701 0702 22 A 0.15 16 200 C
2650548 0548 24 C 1.8 44 175 P
2671852 1852 25 F 0.15 22 200 C
2671934 1935 25 F 1.8 15 200 C
2672003 2004 26 D 2.7 15 200 C
2672033 2034 27 F 1.8 15 200 C
2672101 2102 18 F 0.15 14 200 C
2672150 2151 22 A 0.15 16 200 C
2672213 2213 22 A 1.8 15 200 C
2672235 2235 28 D 2.7 15 200 C
2672303 2304 11 C 1.8 19 200 C
2672338 2339 11 C 0.15 14 200 C
2681829 1830 29 F 1.8 15 225 C
2681849 1849 29 F 0.15 16 225 C
2681921 1923 30 F 1.8 133 225 P
2682150 2151 31 A 1.8 15 225 C
2682211 2211 31 A 0.15 15 225 C
2682234 2234 32 A 0.15 18 225 P
2682256 2256 32 A 0.15 15 225 C
2682320 2321 26 D 2.7 15 225 C
2682353 2354 33 D 52 15 225 C
2692054 2055 34 A 1.3 22 225 C
2692131 2132 35 A 1.3 17 225 C
2692157 2158 36 D 2.7 15 225 C
2692223 2224 34 A 1.3 15 225 C
2692250 2251 37 E 1.3 17 225 C
2692314 2314 37 E 1.3 40 225 P
4 See Figure 2

P position Type A = 1 m upwindof aconex container face, B = centered between container ends,
C = centered in the intersection between four containers, D = ona container roof, E = upwind
of the array, and F = on the road between container longsides.

€ Release type C = cortinuous and P = puff.
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2.6 CONCLUSIONSAND RECOMMENDATIONS

The Mock Urban Sdting Test was a highly successful field trials program designed to
bridge the gap between laboratory and full scale uban flows. Sufficient instrumentation was
availabeto well characterize the state of the undisturbed boundary layer, and the effectsof the
conex array on flow and d spersion within the surface bourdary layer. Meteorologica and
dispersion data were collected over awidevariety of wind and stahility conditions. Thesedata
should be very useful for the development and vali dation of urban dispersion models.

MUST data sets are being macde available on CDs. One WDTC-gererated CD
contains jpgimages, SAMS, PWIDS, FOQT, conex tempeature, actinometer, andwind profiler
data. A secondCD containstrial-related WDTC sonic anemometer data. Other test participants
are produwcing data sets and analyses on separate CDs. These dhta setswill be shared freely
among MUST collaborators. Other patential users should cortact DTRA or test program
participants for accessto MUST data ses.

Analyses of MUST data sets are incomplete as of thedate of this report, 0itis o
possible to draw definitive conclusions at thistime. However, it becameevident during the
condwct of the experiments that theconex array hada substantial impact on dspersion. Because
conex containers are easily postioned and stacked, they are very useful for designing near-ful
scale wban dispersion experiments. MUST was conductel using the simplest possible conex
array configuration. Follow-on experiments shoud indude more complex configurationsthat
more closely resemble real urban environments.
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B.2 MUST Conex Container NE Corner Locations

The North row of the MUST container array is the A row.
The South row of the MUST container array is the L row.
The East column of the MUST container array is the 0 column.

The West column of the MUST container array is the

column.

The origin of the coordinate system is the intersection of two lines NW of the NW corner of container A8.
The X axis points South.
The Y axis points East.

The NE corner of container A9 is A91.
The NW corner of container A8 is A84.

Lines 17 to 45 list the calculations of the X coordinates.
Lines 48 to 82 list the calculations of the Y coordinates.
Lines 86 to 206 list the x and y coordinates ofthe NE corners of the containers.

A91
A8-A9
A84
asl
A7-A8
A74
A71
A6-A7
Ab64
A61
A5-A6
Ab54
A51
A4-A5
Ad4
A4l
A3-A4
A34
A3l
A2-Al
A24
A21
Al1-A2
Al4
All
AO-Al
A04
A01

-3.98
10.02
6.04
18.22
7.67
25.89
38.07
9.22
47.29
59.47
7.34
66.81
78.99
6.82
85.81

-5 -4.67
9.78 10.24
478 5.57
16.96 17.75
8.34 8.63
253 26.38
37.48 38.56
839 8.28
45.87 46.84
58.05 59.02
776 7.56
65.81 66.58
77.99 78.76
6.74 6.6
84.73 85.36
96.91 97.54 97.99

77 795 8.28
104.61 105.49 106.27
116.79 117.67 118.45
701 63 591
123.8 123.97 124.36
135.98 136.15 136.54
736 7.78 8.1
143.34 143.93 144.64
155.52 156.11 156.82
6.98 6.53 5.62
162.5 162.64 162.44
174.68 174.82 174.62

-4.62
10.31
5.69
17.87
7.49
25.36
37.54
10.15
47.69
59.87
7.75
67.62

-46 -4.14
10.12 10.15
552 6.01
17.7 18.19
7.68 7.45
25.38 25.64
37.56 37.82
10.93 113
48.49 49.12
60.67 61.3
7.8 6.86
68.47 68.16
79.8 80.65 80.34
726 7.95 4.99
87.06 88.6 85.33
99.24 100.78 97.51
8.03 7.5 10.68
107.27 108.28 108.19
119.45 120.46 120.37
5.8 6.15 6.08
125.25 126.61 126.45
137.43 138.79 138.63
744 6.88 7.09
144.87 145.67 145.72
157.05 157.85 157.9
557 505 6.11
162.62 162.9 164.01
174.8 175.08 176.19

Lines 48 to 82 list the Y coordinates.

B-2

-2.97
9.64
6.67
18.85
7.72
26.57
38.75
11.07
49.82
62
7.8
69.8
81.98
8.87
90.85
103.03
6.02
109.05
121.23
6.12
127.35
139.53
6.38
145.91
158.09
6.91
165
177.18

-3.12
10.39
7.27
19.45
7.4
26.85
39.03
10.92
49.95
62.13
10.84
72.97
78.7
12.64
91.34
103.52
6.47
109.99
122.17
5.92
128.09
140.27
6.38
146.65
158.83
7.27
166.1
178.28

-2.45
10.12
7.67
19.85
7.41
27.26
39.44
11.06
50.5
62.68
8.87
71.55
83.73
7.41
91.14
103.32
7.7
111.02
123.2
5.29
128.49
140.67
6.56
147.23
159.41
7.6
167.01
179.19

AY (m) BY (m) CY (m) DY (m) EY (m) FY (m) GY (m) HY (m) IY (m) JY (m)

-1.66
9.58
7.92
20.1
7.04
27.14
39.32
10.85
50.17
62.35
9.85
72.2
84.38
8.55
92.93
105.11
6.97
112.08
124.26
5.38
129.64
141.82
5.83
147.65
159.83
7.62
167.45
179.63

X9 (m) X8 (m) X7 (m) X6 (m) X5 (m) X4 (m) X3 (m) X2 (m) X1 (m) XO (m)

KY (m)
-1.42
9.59
8.17
20.35
6.53
26.88
39.06
11.34
50.4
62.58
10.29
72.87
85.05
8.61
93.66
105.84
7.2
113.04
125.22
5.35
130.57
142.75
5.03
147.78
159.96
8.07 7.77
168.03 168.72
180.21 180.9

LY (m)
-0.92
9.65
8.73
20.91
6.05
26.96
39.14
11.31
50.45
62.63
10.56
73.19
85.37
8.58
93.95

106.13
7.11

113.24

125.42
5.59

131.01

143.19
5.58

148.77

160.95



A91

A92
B91-A92
Bo1

B92
C91-B92
ca1

C92
D91-C92
D91

D92
E91-D92
E91

E92
F91-E92
Fo1

F92
G91-F92
G911
G92
H91-G92
HO91

H92
191-H91
191

192
J91-192
Jo1

Jo2
K91-J92
K91

K92
L91-K92
L91

3.06
5.48
12.97
18.45
20.87
12.3
33.17
35.59
12.86
48.45
50.87
12.98
63.85
66.27
12
78.27
80.69
13.46
94.15
96.57 96.45
14.08 14.75
110.65 111.2
113.07 113.62
11.65 11.7
124.72 125.32
127.14 127.74
13.39 13.17
140.53 140.91
142.95 143.33
12.88 13.01
155.83 156.34
158.25 158.76

2.93
5.35
12.57
17.92
20.34
12.62
32.96
35.38
13.97
49.35
51.77
13.14
64.91
67.33
11.88
79.21
81.63
12.4
94.03

2.84
5.26
12.25
1751
19.93
12.57
32.5
34.92
13.92
48.84
51.26
13.13
64.39
66.81
11.28
78.09
80.51
12.8
93.31
95.73
14.92
110.65
113.07
12.2
125.27
127.69
12.58
140.27
142.69
13.05
155.74
158.16

2.56
4.98
12.29
17.27
19.69
12.6
32.29
34.71
14.09
48.8
51.22
13.02
64.24
66.66
9.99
76.65
79.07
13.88
92.95
95.37
14.35
109.72
112.14
13.63
125.77
128.19
11.61
139.8
142.22
13.2
155.42
157.84

1319 134 13.64 13.83
171.44 172.16 171.8 171.67

2.62
5.04
115
16.54
18.96
13.22
32.18
34.6
1351
48.11
50.53
13.64
64.17
66.59
10.08
76.67
79.09
13.23
92.32
94.74 94.15
12.63 14.39
107.37 108.54
109.79 110.96
1451 12.75
124.3 123.71
126.72 126.13
12.72 12.96
139.44 139.09
141.86 141.51
1256 12.81
154.42 154.32
156.84 156.74
1429 135
171.13 170.24

2.3
4.72
11.61
16.33
18.75
13.13
31.88
34.3
13.42
47.72
50.14
13.86
64
66.42
10.68
77.1
79.52
12.21
91.73

2.35
4.77
11.09
15.86
18.28
13.18
31.46
33.88
13.28
47.16
49.58
13.63
63.21
65.63
11.69
77.32
79.74
11.88
91.62
94.04
14.09
108.13
110.55
12.61
123.16
125.58
13.66
139.24
141.66
12.65
154.31
156.73
13.32
170.05

2.39
481
10.87
15.68
18.1
13.04
31.14
33.56
13.18
46.74
49.16
12.58
61.74
64.16
12.75
76.91
79.33
12.12
91.45
93.87
14.27
108.14
110.56
12.29
122.85
125.27
13.29
138.56
140.98
12.92
153.9
156.32
13.27
169.59

2.23
4.65
10.8
15.45
17.87
12.86
30.73
33.15
13.06
46.21
48.63
12.59
61.22
63.64
13.18
76.82
79.24
12.16
91.4
93.82
13.74
107.56
109.98
12.34
122.32
124.74
13.55
138.29
140.71
12.7
153.41
155.83
13.57
169.4

Lines 86 to 206 list the X and Y coordinates of the NE corners of the containers.

A91
A81
A71
A61
A51
A41
A3l
A21
All
A01
BO1
B81

X (m)
3.06
2.93
2.84
2.56
2.62
2.3
2.35
2.39
2.23

Y (m)
-5
16.96
37.48
58.05
77.99
96.91
116.79
135.98
155.52
241 174.68
18.45 -4.67
17.92 17.75

241
4.83
10.56
15.39
17.81
12.41
30.22
32.64
13.29
45.93
48.35
12.04
60.39
62.81
13.48
76.29
78.71
12.58
91.29
93.71
13.04
106.75
109.17
12.83
122
124.42
12.87
137.29
139.71
12.42
152.13
154.55
14.52
169.07



B71
B61
B51
B4l
B31
B21
B1l1
BO1
Ccal
c81
Cc71
Co61
C51
C41
C31l
c21
Cc11
Cco1
D91
D81
D71
D61
D51
D41
D31
D21
D11
D01
E91
E81
E71
E61
E51
E41
E31
E21
Ell
EO1
Fo1
F81
F71
F61
F51
F41
F31
F21
F11
FO1
G911
G81

17.51
17.27
16.54
16.33
15.86
15.68
15.45
15.39
33.17
32.96
32.5
32.29
32.18
31.88
31.46
31.14
30.73
30.22
48.45
49.35
48.84
48.8
48.11
47.72
47.16
46.74
46.21
45.93
63.85
64.91
64.39
64.24
64.17
64
63.21
61.74
61.22
60.39
78.27
79.21
78.09
76.65
76.67
77.1
77.32
76.91
76.82
76.29
94.15
94.03

38.56
59.02
78.76
97.54
117.67
136.15
156.11
174.82
-3.98
18.22
38.07
59.47
78.99
97.99
118.45
136.54
156.82
174.62
-4.62
17.87
37.54
59.87
79.8
99.24
119.45
137.43
157.05
174.8
-4.6
17.7
37.56
60.67
80.65
100.78
120.46
138.79
157.85
175.08
-4.14
18.19
37.82
61.3
80.34
97.51
120.37
138.63
157.9
176.19
-2.97
18.85



G71
G61
G51
G41
G31
G21
G11
G01
HO1
H81
H71
H61
H51
H41
H31
H21
H11
HO1
191
181
171
161
151
141
131
121
111
101
Jo1
Js1
J71
J61
J51
Ja1
J31
J21
J11
Jo1
K91
K81
K71
K61
K51
K41
K31
K21
K11
K01
L91
L81

93.31 38.75
92.95 62

92.32 81.98
91.73 103.03
91.62 121.23
91.45 139.53
91.4 158.09
91.29 177.18
110.65 -3.12
111.2 19.45
110.65 39.03
109.72 62.13
107.37 78.7
108.54 103.52
108.13 122.17
108.14 140.27
107.56 158.83
106.75 178.28
124.72 -2.45
125.32 19.85
125.27 39.44
125.77 62.68
124.3 83.73
123.71 103.32
123.16 123.2
122.85 140.67
122.32 159.41
122 179.19
140.53 -1.66
14091 20.1

140.27 39.32
139.8 62.35
139.44 84.38
139.09 105.11
139.24 124.26
138.56 141.82
138.29 159.83
137.29 179.63
155.83 -1.42
156.34 20.35
155.74 39.06
155.42 62.58
154.42 85.05
154.32 105.84
154.31 125.22
153.9 142.75
153.41 159.96
152.13 180.21
171.44 -0.92
172.16 20.91



L71
L61
L51
L41
L31
L21
L11
LO1

171.8 39.14
171.67 62.63
171.13 85.37
170.24 106.13
170.05 125.42
169.59 143.19
169.4 160.95
169.07 180.9
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B.3 Conex Yaw Andes

The MUST containers were placed in arectangular array as shownin Figure B2 (nat to
scale). Dueto the presence of aguyedtower inthe center of the array and the other features o
the testbed, the rectargular array had displacement, yaw and tilt errors. To describe theseerrors,
two reference li nes were establi shed: onepointing to 62.75 and one painting to 152.86°. The
containers were placed in 10 North-South rows (0 to 9) and 12 East-West columns (A to L).
Some of the peripheral containers are labeled in Figure B2.

EENEENENEERNOEN
I IENNEENEREN
EENEENENEERNOEN
CINENENERNERENR
EENEENENEERNOEN
EENEENENEERNOEN

CIHEEENEEENEREDR
EENENENENEREN

152.86°

Figure B2. The MUST container layout, showing the two reference lines, pointing to 62.75 and
152.86° (not to scale).

Figure B3 shows the relationship of the Northeast cortainer (A0) to the 62.75 ° reference line.
The yaw ang e can be defined as:

Arcsine (yaw ange of AO) = (A0O1x—-A04x) / (Length of AO)

For small anges, theangeand thesine of theang e are gpproximatey equal.
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62.75° Reference Line

62.75°

A04 AO1

AQ03 AO?2

Figure B3. Therelationship of the Northeast container (AQ) to the 62.75’ reference line and the
numbering o the four corners of the container AO.

For the container in the second lumn (BO), the geometry is shown in Figure B4.

62.75° Reference Line
62.75°

B0O2

Figure B4. Therelationship of thefirst two containersin Row 0 and the anges of rotation.
(Yaw angld BO) = (Y aw ande of AQ) + 180—theta; — theta,
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Using the law of cosines,
L, =length of container A
AB = distancefrom A02to BO1
d; = distance from AO3to BO1
cosine(thetay) = (L1*+(AB)%d;?)/(2L (AB))
L, = length of container BO
AB = distancefrom A02to BO1
d,= distancefrom A02 b BO4
cosine(thetay) = (L ,*+(AB)*d,)/(2L, (AB))
In gereral, one canproceed down Row O,
(Yaw andeof n0) = (Yaw angle of (n-1)0) + 180— theta,; — theta,;
and for the m-th row,
(Yaw andeof nm) = (Yaw angle of (n-1)m) + 180 —theta,m — thetanm,
Theresulting yaw andes are listedin Tade B1, where positive ang es are clockwise yaws. The

largest yaw angewas 4 degrees, for H5, an instrumentation van, used instead of acorntainer a
that location. The largest container yaw angle was 3.1 degrees.

TaldeB1. MUST container yaw angles (postive is clockwise)

Yaw Angle (degees)

Row
Column 0 1 2 3 4 5 6 7 8 9

1.8 0.3 -01 ] -02 ) -02 ] -10 | -23 | 0.1 | -01 | 0.7

24 | -07 | -07 | -08 | -14 | -18 | -15| -1.7 | -24 | -1.8

-12] -05 | -05 | -05 0.3 05 | -06| 07 | -01] -0.1

-12 | -15| -13 | -14 | -08 | -06 | 0.8 1.0 04 | 0.1

21| -06 | -27 | -1.1 | -15 00 | 01| 03 | -02 | 0.0

-0.7] -1.0 | -0.2 0.7 2.5 30 | -08 | -10 | -12 | 2.1

-05] 11 -0.3 | -0.7 0.5 -18 1 03] -08 | -10 | -1.6

-0.6 | -0.6 0.4 0.2 -09 | -40 | 04 | -15 | -01 | 14

1.1 1.2 -06 | -1.5 0.3 0.0 3.1 0.1 04 | 1.0

-14 |1 0.6 -0.5 | -0.5 0.5 0.6 06 | -09 | 09 | -0.9

-03] -02 | -09 | -0.3 1.3 -15 [ -03]| -05 | -12 | -14

r|Xa|—|Z|O(Mm[O|O|m| >

-0.1] -03 | -0.8 0.7 -0.1 0.7 06 | -16 | 0.3 | 13

(G. Ganong, 14 Nov 01)
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B.4 Conex Tilt Andes

MUST Container Tilt

Measurements made on NE corners of containers.
The corners are the most rigid vertical members.
90 degrees is vertical

Less than 90 degrees leans towards the North.
More than 90 degrees leans towards the South.

Row A B C D E

0.0 91.1 89.1 90.0 90.7 90.3
1.0 88.8 91.4 90.0 90.7 90.7
2.0 90.0 89.9 89.5 91.1 89.4
3.0 90.0 89.3 89.7 90.1 90.6
4.0 90.3 90.0 89.5 92.2 91.4
5.0 90.6 89.0 91.1 90.5 88.9
6.0 87.3 90.2 90.6 90.2 90.5
7.0 88.4 89.6 89.9 91.0 90.4
8.0 90.0 89.7 90.7 91.9 88.7
9.0 91.3 90.6 90.0 90.1 88.2

Sum 897.8 8988 901.0 908.5 899.1

Min 87.3 89.1 89.5 90.1 88.2
Max 91.3 91.4 91.1 91.9 91.4

Overall Minimum 87.3
Overall Maximu 91.6

Min Tilt Angle
Max Tilt Angle

F

88.6
89.9
90.7
91.6
91.3
89.6
89.1
89.7
91.5
90.0

902.0

88.6
91.6

G

89.1
88.2
89.7
88.8
90.4
90.9
89.1
89.1
88.3
91.0

894.6

88.2
90.9

-2.7

1.6
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H

88.8
89.5
89.4
88.2
91.3
90.4
89.9
90.0
88.6
90.0

896.1

88.2
91.3

|

89.7
89.9
89.5
89.4
89.6
88.5
91.4
90.1
89.3
91.0

898.4

88.5
91.4

J

88.5
90.8
89.5
89.8
89.4
89.7
89.5
89.0
88.8
88.4

893.4

88.4
90.8

K

89.3
88.9
91.4
88.7
89.9
90.1
89.5
88.7
90.6
88.6

895.7

88.6
91.4

L

88.5
89.6
89.7
90.0
90.0
90.5
89.6
89.5
89.9
89.5

896.8

88.5
90.5



APPENDIX C EQUIPMENT POSITIONS

C.1 Locationso digiPIDs

a Frst Sampling Line (Sampling Height 1.6 m AGL)

Detector 1: centered betweenJ1, J2,11, 12
Detector 2: centered betweenJ2 and 12
Detector 3. centered betweenJ2, J3,12, 13
Detector 4. centered betweenJ3, J4, 13, 14
Detector 5: centered betweenJ4 and 14
Detector 6: centered betweenJ, J5, 14, 15
Detector 7: centered betweenJs and 15
Detector 8: centered betweenJs, J6, 15, and 16
Detector 9: centered between J6 and 16
Detector 10: centered betweenJ7 and 17
Detector 11: centered betweenJ7, J8, 17, and 18
Detector 12: centeredbetween B ard 18

b. Second Sanpling Line (Sampling Height 1.6 m AGL)

Detector 13: centered betweenH1 and G1
Detector 14: centered betweenH2 and G2
Detector 15: centered betweenH3 and G3
Detector 16: centered betweenH4 and G4
Detector 17: centered betweenH4, H5, G4, and G5
Detector 18: centered betweenH5, H6, G5, and G6
Detector 19: centered betweenH6 and G6
Detector 20: centered betweenH7 and G7
Detector 21: centered betweenH8 and G8

c. Third Sampling Line (Sampling Height 1.6 m AGL)

Detector 22: centered betweenF1 and E1
Detector 23: centered betweenF2 and E2
Detector 24: centered betweenF3 and E3
Detector 25: centered betweenF4 and E4
Detector 26: centered betweenF5 and E5
Detector 27: centeredbetween F6 ard E6
Detector 28: centered betweenF7 and E7
Detector 29: centered betweenF8 and E8
Detector 30: centered betweenF9 and E9

d. Fourth Samping Line(Samping Height 1.6 m AGL)

Detector 31: centered betweenDO, D1, COand C1
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Detector 31: centered betweenD2 and C2
Detector 33: centered betweenD3 and C3
Detector 34: centered betweenD4 and C4
Detector 35: centered betweenD4, D5, C4, and C5
Detector 36: centered betweenD5 and C5
Detector 37: centered betweenD6 and C6
Detector 38: centered betweenD6, D7, C6, and C7
Detector 39: centered betweenD7 and C7
Detector 40: centered betweenD8 and C8

e. 32-m Tower

Detector 41: 16m AGL
Detector 42: 12m AGL
Detector 43: 10m AGL
Detector 44: 8mAGL
Detector 45: 6mAGL
Detector 46 4mAGL
Detector 47: 2mAGL
Detector 48: 1mAGL

C.2 Locations of UVICswithinthe Conex Array. Datafro UVICson the northwest and
southwest quadrant towers were cdlectedon compute A and datafrom theUVICson the
northeast and southeast quadrant towers were colleded on computer B. The locationof each
UVIC and its associated data dhannel number are gvenin Table C-1 Binary (.bin) UVIC data
and associated header (.hdr) files have filenamesdefined by the Juliandate (J3J), hour in MDT
(hh), and minute (mm) of the tria start time, followed by an A or B for the computer onwhich
the dataoriginated Refer to the MUST Tria Notes for UVICsand Sonics (Beck et a., 2007 for
further details.
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Tabe C-1. Six-Meter TowerUVIC Locations (11 through 43 and Chamel Numbers (Al
through B15) by Height and Trial Name.

Heght Quadant 2562042 2562257 2630636 2640246

(mAGL) 2562235 2630701 2692314
1.0 NW 11 A1l 45 Al 45 Al 45 Al
2.0 NW 12 A2 12 A2 12 A2 12 A2
3.0 NW 13 A3 13 A3 13 A3 13 A3
4.0 NW 14 A4 14 A4 14 A4 14 A4
50 NW 15 A5 15 A5 15 A5 15 A5
59 NW 16 A6 16 A6 16 A6 16 A6
1.0 SW 18 A7 18 A7 18 A7 18 A7
2.0 SW 19 A8 19 A8 19 A8 19 A8
3.0 SW 20 A9 20 A9 20 A9 20 A9
4.0 SW 21 AO21 A 21 A 20 A
5.0 SW 22 A 22 A 22 A 22 A
59 SW 23 A 283 A 23 A 23 A
1.0 NE 24 Bl 24 Bl 24 Bl 24 B1
2.0 NE 25 B2 25 B3 25 B3 25 B3
3.0 NE 26 B3 26 B4 26 B4 26 B4
4.0 NE 28 B4 28 B5 28 B5 28 B5
5.0 NE 29 B5 29 B6 29 B6 29 B6
59 NE 30 B6 30 B7 30 B7 30 B7
1.0 SE 31 B7 31 B8 31 B8 31 BS
2.0 SE 33 B8 33 BlO 33 BlO 33 B10
3.0 SE 34 BlO 34 Bll 34 Bl1l 34 Bl1
4.0 SE 41 Bl1 41 Bl2 41 Bl2 41 Bl2
5.0 SE 42 Bl2 42 Bl3 42 Bl4 42 B13
5.9 SE 43 Bl3 43 Bl4 43 B15 43 Bl4

One UVIC was collocated with adigiPID at the 2m level of the 32m tower (TIPS),
and anather was paositioned 1 m kehind the center of Conex H4 (WAKE). Both UVICswere
mountedat aheight of 2 m AG.. The TIPS sonic data arefound onchamel B15, andthe
WAKE sonic data arefound onchamel A13.

C. 3 Quartz Thermometer Temperature Probe Positionsand Column Numbers (file folder:

FOQT)

Column 1: ground surface
Column2: 0.01m AGL
Column3: 0.05m AGL
Column4: 0.10m AGL
Column5: 0.25m AGL
Column6: 0.50m AGL
Column7: 1.00m AGL
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Column8: 2.00m AGL

C.4 Actinometer Positions and Column Numbers (file folder: Actinometer)

Column 1: Upward Facing PSP (incoming shortwave radiation)
Column 2: Downward Facing PSP (refleced shortwave radigtion)
Column 3: Upward Facing PIR (incoming longwave radiation)
Column 4: Downward Facing PIR (terrestria radiation)

Columns 58 embedded instrument temperatures, na datachannels

C.5 Conex ThamocouplePositions and Cdumn Numbers (file folderr.  CONEXtemps)

a Conex G7

Column 1: top face

Column 2: northwest face
Column 3: southeast face
Column4: northeast face
Column5: southwest face

b. Conex G6

Column6: topface
Column7: northwest face
Column 8: southeast face
Column 9: northeast face
Column 10 southwest face

c. Conex G5

Column 11: topface

Column 12: northwest face
Column13: southeast face
Column 14: northeast face
Column15; southwest face

d. Conex G4

Column 16: topface

Column17: northwest face
Column18: southeast face
Column19: northeast face
Column 20: southwest face
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C.7 PWIDS Station Data (filefolder: MUSTPWIDS)

PWIDS catafiles (Munn1JJJ.DAT) include a two-character test name (MU for
MUST) followedby a two-digit stationnumber, and four digits indicating theyea (1) and Julian
date (J1J). Thedata ae divided into 8 space-delimitedcolumns. a sndedigit station identifier;
Juliandate; time (MST); tensof seconds; wind peed (m s); wind direction (degrees, True);
temperature (Celsius); and humidity (percent).

C.8 SAMS Station Data (file folder: MUSTSAMS)

SAMS cetafiles(Munn1JJJ.TXT) include a wo-character test name (MU for MUST),
atwo-digit station number and four digits indcating the year (1 for 200 and Juliandate (JJJ).
The dataare pace-ddimited into fourteen columns, twelve of which contain data: a single digit
station identifier; Julian dae; time (MST); wind gpeedin milesper hour, wind direction (degrees
True); standard deviation of wind direction; maximum wind speed (miles per hour); pressure
(mb); temperature (Celsius); relative humidity (percent); and maximum and minimum 15-min
temperatures.

C.9 WDTC Sonic Anemometer Locations, Orientations, and Column Numbers

a Thetimein each filename for the WDTC sonics ind cates the start time of that filein
MDT. Time incrementsforward 0.1 s for each row of data. The data are presented in terse
ASCII format with the following sign convertion: (1) flow approaching thefront of the sonic
array producesa+ u; (2) flow approaching the sonicarray from theleft produces a +£\43)
upward vertical motion producesa+w. All speeds arein ms™'. Cross-axis tilt (t) is positive
clockwise (up onleft, down onright) and along-axis roll (r) is positive when the front of the
array is devated.

b. Turbulence (Vx) probes. All arrayswere nounted at a height of 1.15m AGL. In
filename MM ddhhmmssvx.dat,

Columns 1-4 (u,v,w,c): 2.5m northwest of H6, heading 327
Columns 58 (u,v,w,c): infront of G5, heading 150,
Columns 912 (u,v,w,c): between G6 and H6, heading 06T
Columns 1316 (u,v,w,c): between G6 and G7, heading 148
c. North Pneumatic Mast, Sx probes, heading 242, filename MMddhhmmssnorth.dat
Columns 1-3 (u,v,c): 4m AGL
Columns 46 (u,v,c): 8mAGL
Columns 79 (u,v,c): 16 m AGL
d. South Pneumatic Mast Sx probes, heading 058, filename MMddhhmmsssouth.dat.
Columns 1-3 (u,v,c): 4mAGL
Columns 46 (u,v,c): 8mAGL
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Columns 7-9 (u,v,c): 16 m AGL

e. 32-m Tower, 8m Level, Sx probes, heading 240, filename
MMddhhmmss 8 METER.da

Columns 16 (u,v,w,cty): 8mAGL

f. 32-m tower, 4-, 16-, 24, 32m levels, Sx probes, heading 240, filename
MM ddhhmmsstower.dat

Columns 1-4 (u,v,w,c): 4mAGL
Columns 510 (u,v,w,c;t,r): 16 m AGL
Columns 1316 (u,v,w,c,t,r): 32m AGL

Note: The 32m data set began with additional channdsfor the 24-m nic
(u,v,w,cty), bu these data were removed when the instrumert failed.

C.10 DSTL Sonic Anemometer Locationsand Crientations

The DSTL Gill Windmaster sonics were mountedat 2.4 and 6m AGL oneach of the
6-m towers located in the northwest, southwest, northeast, and southeast quadrants of the MUST
array. Damaged tranamitters limited the number of avail able channels. Accordingy, avail able
chanrels were allocated between onic positionsin three different corfigurations. Table C-2
shows which sonics were oviding data during time periods when each of the configurations
wasin use. DSTL sanic data are presented in raw unrotatedbinary (.chX) and ASCII (.asX)
files, where X is the tdemetry channd number. Datauritsfor u,v,w, andc are cm s*. The sonic
datafile name mnventionis DDhhmmssfor day of the month, hour, minutes, and seconds for
the beginning of the file. Refer to Beck etal. (2001 for detalils.

Tabe C-2. DSTL Sonic Anemometer Locatiors, Orientations, and Data Channels During

MUST.
Data channel — Date (September 2007)
Tower Height Azimuth of 11-14 1525 25-26
M (AGL) U Axis® (2007MDT) (2026MDT)
(deg)

NW 2 1781 1 1 1
NW 6 177 2 2 --
SW 2 184.7 -- -- 2
SW 6 184 4 4 4
NE 2 1795 -- -- 7
NE 6 178 -- 3 8
SE 2 186.3 7 7 --
SE 6 185 8 8 --

AWith respect to true rorth.
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C.11 LANL, Arizona State University, and University of Utah Soni  Anemometer
Locations

The LANL 2D sonics were moved from pasitions shown in Deployment #1 to pasitions
shown in Deployment #2 on21 Sepgember 2001

LANL 2D Sonic Deployment #1 (Monday afternoon 9/10 through Friday morning 9/21)

nit 200

A3 340m 360m A2

:

Measurements are from container
wall to the vertical centerline of
the sonic. All sonics wereon aline
drawn from the N-S centerline of
Unit 100 one container to the N-S centerline
c3 2.90m 3.07m c2 of the other container. Heights
are to the center of the measuring
h=205m volume.

h=2.05m

AN
AN

il

Unit 600
3.13m 3.05m
h=2.08m
/ Unit 400 /
3.05m 2.93m
h=2.06m
/ Unit 300 /
2.74m 2.74m
h=2.06m
/ Unit 500 /
2.80m 2.89m
h=2.07m

<@ LANL 2D Sonics (Deployment #2 Friday afternoon 9/21 thr ough Thur sday morning 9/27)

@ 4 Univ Utah 3D Sonics
on5 m tower; heights 1.04,

1.84,2.62,and 371 m Container K4

@ Univ Utah 3D Sonic
height 0.56 m

345m
Unit 400

[ LANL 3D Sonics @ h=2.10 m

Unit 600
The 3D sonics werein place Unit 300 h=2.08 m
for the entire MUST campaign '@h=2.05m @ 2m

om 4_3.m_; Unit 500
<= h=2.06 m
— 660m 4O O,
Unit 200
h=2.04
5.15m
Unit 100
h=2.03
m @ ¢ 1im
im

Container L4

Unit 1, h=3.80 m
. _ All measurements shown, despite
Unit2,h=2.37m W drawing imperfections, represent
) 296m measurements to the container
(] ) edge and to the vertical centerline
Unit3,h=1.70 m |« » of the anemometers. Heights are to
6.10 m the center of the measuring volume.



D.1

D.2

D.3

D.4

D.5

APPENDIX D. MUST TEST PARTICIPANTS

WDTC PARTICIPANTS

Fred Baney (Metearological Technician)
Roland Barbero (Meteorological Technician)
Christopher Biltoft (Test Director)

Jimmie Calhoun (Meteorological Technician)
George Cochran (Electronics Technician)
William Grayson (M eteorological Technician)
DougHawkins (Electrician)

Evans Long (Crane Operator)

Dawvid Pdrie (Electronics Techrician)

Mario Sandoval (Audio-Visua Technician)
Pfred Toensing (Audio-Visud Technician)
Ed ...(Electronics Technician)

Defense Threat Reduction Agency/ Logicon RDA

Parick Cavenee (Logicon)
Gary Ganong (L ogicon)
Ed Toton (Logicon)

John Pace (DTRA)

Army Research Laboratory

Sam Chang

Ron Cionco
GiapHuynh
Ramaz Kvavilasv
Young Yee

Los Alamos National Laborator

Michael Brown
David DeCroix
Gerald Streit

Defence Research Egadishment Sufigld

Geoff Chand er
Pder Kosteriuk
Eugene Yee
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D.7
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Arizona State Universit

Marko Princevac (Yugodavia)
Dragan Zgjic (Yugoslavia)

Defence Science and Technology L aboratory

NicolaBeck
lan Griffiths
Chris Jones
Doug Strickland

Nationa Oceanc and Atmospheric Administrati

Scdt McLaughlin

University of Utah

Matt Nelson
Eric Padyjak
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AGL
ARL
ASU
ATI
CD
CP
DCP
digiPID
DOE
DPG
DRES
DSTL
DTRA
FM-CW
FOQT
IR
IRIG
ISL
LANL
MDT
ML
MOS
MSL
MST
MUST
PBL
PC
PID
PVC
PWIDS

APPENDIX E. ABBREVIATIONS

above ground level

Army Research Laboratory

Arizona State University

Applied Technologies, Inc.

compact disk

command pos

data coll ection pl atfor

digita photoionization detector
Department of Energy

Dugway Proving Ground

Defence Research Establishment Suffield
Defence Science and Technology Laborator
Defense Threat Reduction Agency
Frequency modulated continuouswave
Fiberoptic quatz thermomeer

infrared

inter-range instrumentation group

inertial sublayer

Los Alamos National Laboratory
Mountain Daylight Tim

mixed layer

Monin-Obukhov similarit

mean sealeve

Mountain Standard Time

Mock Urban Sdting Test

planetary bourdary layer

personal computer

photoionization detector

padyvinyl chloride

portakde weather informationand display system
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RSL
SAMS
UK
UTC
uviIC
WDTC
WMD

roughnesssublayer
sufaceatmospheric measurement syste
United Kingdom

Universal Coordinated Time
ultravioletion collector

West Desert Test Center

weapons of massdestruction
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APPENDIX G. DISTRIBUTION LIST

Test
Addressee Plans

Reports

Deferse Threat Reduction Agercy

(CPWE/WMD Weapons Effects) 1
6801 Telegaph Road

Alexandria, VA 22310

U.S. Army Developmenta Test Command

(CSTE-DTC-TT-S) 1
314Longs Corner Road

Aberdeen Proving Ground, MD 21005-5055

Deferse Tedhnica Information Center

8725John J. Kingman Road, Sute 0944 0
(OCC)

Fort Belvoir, VA 220666218

Chemical and Biologicd Information Center

Battelle Edgewood Qperations

P.O. Box 196

(Collection) 2
Gunpowder Branch

Aberdeen Proving Ground, MD 21010-0196

U.S. Army Dugway Proving Ground
(CSTE-DTC-DP-CM-SA)
(CSTE-DTC-DP-PO
(CSTE-DTC-DP-WD-JC/Techricd Library)
(CSTE-DTC-DP-WD-M/C. Biltoft

Dugway, UT 84022-5000

OGN
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Intentionally Blank
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