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PREDICTION TEMPLATES
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Abstract: Allied Tactical Publication-45(C) is the curredd& and NATO command doctrine for Nuclear, Cheméasal Biological (NBC)
events. ATP-45 is designed to warn military popatet of NBC hazard by providing area warning terfggddased on NBC messages. ATP-
45 is designed to produce a single 2-hour hazaal template that accounts for wind speed fluctoatibut it does not take into account: a)
time intervals of less than 2 hours and b) spatia temporal variations in the wind field that abrgsult in the incorrect orientation of the
triangle template. Additionally, an abrupt discanity in the template from a circle to a triangtors as the wind speed passes through 10
km/hr. This abrupt change is unrealistic and @mult in a significant under- or over-predictiontioé hazard area. CT-Analyst, developed
by the Naval Research Laboratory (NRL), is desigiegrovide near instantaneous hazard predictiesslting from large-scale chemical
releases within a city. The CT-Analyst methodoligypased on interpolation of pre-computed hazaedmomografs". These nomografs
are created by using a computational fluid dynan(@sD) code (FAST3D-CT also developed and mainthimg NRL) to produce highly-
resolved urban transport and dispersion predictions efforts have focused on comparisons of CThfstdazard area predictions with the
corresponding ATP-45 templates. In addition to gsinsingle CT-Analyst hazard area corresponding single wind direction, we also
considered allowing for wind direction variation bgnstructing CT-Analyst hazard areas correspontbinipe union of predicted hazard
areas for a certain wind angle sweep. We concluaeproper use of CT-Analyst or other transport disgersion (T&D) models to produce
real-time hazard area warnings: a) avoids the rarfitdiscontinuity in the hazard area as the wipded passes through any arbitrary
threshold, b) could produce time-dependent hazeedsain less than 2-hour time intervals, c) coestl handles the risk, and d) can
incorporate additional information if available. thmally, we provide two suggestions on using CTalAst or other T&D models to
supplement the ATP-45 hazard template: a) spatialgon of the hazard area extent as the wind &pleangle is varied which loosely
corresponds to the uncertainty associated with wiimdction knowledge, and b) a time dependent lbhaaea for a preselected wind
“sweep” angle and time-interval.

Key words: ATP-45, CT-Analyst, hazard area prediction, reatdihazard area warning

BACKGROUND

Allied Tactical Publication-45(C) [ATP-45(C)] is theurrent U.S. and NATO command doctrine for Nuclé€zremical and
Biological (NBC) events. ATP-45 is designed to warditary populations of NBC hazard by providing arearniag
templates based on NBC messages. The warning aesmstructed using a set of circles and triangles, geometric
parameters of which (e.g., length and type) demendind speed and direction, magnitude of the kftand type of agent
being released (e.g., neat or persistent). Comnid-46 chemical templates for localized releasesiapgcted in Figure 1.
This figure is reprinted from Heaggt al, 2004a. ATP-45 is designed to produce a singlelr hazard area template that
accounts for wind speed fluctuations, but it doestake into account: (1) time intervals of lesartt2 hours and (2) spatial
and temporal variations in the wind field that @buésult in incorrect orientation of the triangamiplate (e.g., for wind
speeds exceeding 10 km/hr) as was demonstrated @awier Institute for Defense Analysis (IDA) syu(Heagy,et al.
2004a, 2004b). In addition, an abrupt discontiniritthe template methodology causes the warning shape to change
from a circle to a triangle as the wind speed mads®ugh 10 km/hr threshold. Such template piremmn is unrealistic
and might result in a significant under- or oveegiiction of the hazard area — for instance, faargd non-persistent agent
attack, the template’s maximum downwind distanceujaity changes from 10 km to 15-50 km dependingatmospheric
stability as the wind speed increases past ther@rkhreshold.

CT-Analyst (Boris, 2004), developed by the Naval Rededaboratory (NRL), is designed to provide neatantaneous
hazard predictions resulting from large-scale cleamieleases within a city. The CT-Analyst metHodg is based on
interpolation of pre-computed hazard am@mograf§™. These nomografs are created by using a compngtifluid

dynamics (CFD) code (FAST3D-CT (J.P. Boris, 2002) alseecloped and maintained by NRL) to produce higegolved
urban transport and dispersion (T&D) predictionBA was tasked to examine CT-Analyst from the staniapof model

validity. By mutual agreement with our sponsor &L, we decided to evaluate CT-Analyst as a potestipplement to
ATP-45 to support improved warning area characéon. Therefore, our efforts have focused on cmispns of CT-
Analyst hazard area predictions with the correspan@TP-45 templates. To help with our evaluatioNRL provided a
specialized version of CT-Analyst capable of prodgca sequence of binary outputs for a user-spdcifimge of wind
directions.

OUTLINE OF THE STUDY WITH A BRIEF SUMMARY OF CONCLUSIONS

CT-Analyst hazard area prediction is based on anIratease of neutrally buoyant tracer that is mé&astmulate the hazard
area generated by a large scale chemical reled¥®-4A chemical template applicable to this CT-Antatg¢ease is a non-
persistent agent “MLRS, Missiles, Bombs, Unknown” péate. To have a fair comparison with an ATP-4502+hhazard
template for a wide range of wind speeds, CT-Analygtires a very large area nomograf allowing tthaaeas of 30-50 km
in length. To create these nomografs at the highia resolution needed to capture urban efféas (o resolve the wind
flow around individual buildings) would require pibitively long FAST3D-CT runs. The largest areghiresolution
nomografs available for this study covered a sqaega of 10.8 km by 10.8 km with the hazard-anee tevolution limited
to 1-hour. Thus, we made an assumption to recuedTP-45 hazard area templateslthour durations by reducing the
downwind template distance by half
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Figure 1. Common ATP-45 chemical 2-hour templateddcalized releases. ATP-45 chemical templatdicaige to CT-
Analyst release used in this study is a “Non-P&sisAgents” “MLRS, Missiles, Bombs, Unknown” teraf#. Atmospheric
stability category is used to define downwind ekiafithe hazard area triangle when wind speeddatgr than 10 km/hr. This

figure is reprinted from Heagy, et al, 2004a.

Our analysis proceeded along two lines. Firstselected a single location near the corner of xaenied area that allowed
for CT-Analyst hazard areas to fit within the regimontained in the computed nomograf for a varidtwind speeds. The
ATP-45 hazard-area template has an abrupt chaagedrcircle to a triangle at 10 km/hr wind spe@&tie primary objective
here is to compare ATP-45 and CT-Analyst hazardsanear that transition point. In addition to usingingle CT-Analyst
hazard area corresponding to a single wind directiwe also considered allowing for wind directioariation by
constructing CT-Analyst hazard areas correspondirte union of predicted hazard areas for a cew@id angle sweep as
demonstrated in Figure 2. Second, seven additionations were selected to determine a typicahghan wind direction
angle needed to make a computed union CT-Analysartiaarea to extend beyond the equal-size sidebheofATP-45
isosceles triangle (for wind speeds exceeding LMRmMA two-dimensional user-oriented measure &daiveness was used
to determine this wind sweep angle for severakdiffit cases (Warnest al, 2004).
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Figure 2. Comparison of CT-Analyst predicted hazaeh for 10.1 km/hr wind speed. Triangles corradpo different ATP-45
hazard-area templates with downwind distance retlirchalf to account for 1-hour hazard area evotutillowed in large-area
nomograf supplied by NRL: inner green triangle esponds to Unstable ATP-45 template, dashed linetds Neutral ATP-45
template and outer brown triangle denotes Stable-A% template. In graph a), CT-Analyst predictadand area is constructed
from a single wind direction of 225 degrees. lagjr b), CT-Analyst predicted hazard area is coottdufrom a union of
individual hazard areas allowing wind directionvery from 200 to 250 degrees (225 +25 degreesjsaseken to extend just
beyond the isosceles sides of the ATP-45 triangles.

Session 4 — Modelling of hazardous releases

461



HARMO13 - 1-4 June 2010, Paris, France - 13th Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes

The brief summary of the results is as follows:
For wind speed greater than 10 km/hr

1. The extent of the CT-Analyst hazard area lies beybedJnstable ATP-45 triangle and becomes signifies the
wind speed increases.

2. Neutral and Stable ATP-45 triangles envelop thglsiwind CT-Analyst hazard areas with the CT-Anahestard
area being significantly smaller than the ATP 4é&aar

3. At certain 1A wind sweep angles, the union CT-Analyst hazard exéends beyond the sides of ATP-45 triangles.
The calculated A wind direction angle when the union CT-Analyst hdzarea extends just beyond the sides of
ATP-45 triangles for wind speeds greater than 1¢hkrare 11, 9, 12, 10, 17, 18, and 10 degreeshi@rseven
selected locations with a mean angle of 12 degredsmedian angle of 11 degrees. Because of thel¢mtband
unpredictable behaviour of the atmosphere, thesenpal bounds on wind direction values are with#alistic
“error” bounds for measured wind, especially whemg a representative single steady wind valuet@icspatio-
temporal evolution of the wind field over the ewmn of the hazard area (e.g., 1-hour time intens®d for the
evolution of CT-Analyst hazard area).

For wind speed less than 10 km/hr

1. For some ranges of wind speeds above 5 km/hr, thAr@lyst hazard area extends beyond the ATP-4%eaivith
the portion of the area that lies outside of ATPe#fSle becoming significant as the wind speed apphes the
threshold wind speed of 10 km/hr.

2. Below some critical wind speed, the CT-Analyst hazaeh lies completely within the ATP-45 circle.

3. Both single wind direction and a union CT-Analystdicted areas are significantly smaller than the AfBP
hazard area.

We conclude that the proper use of CT-Analyst oen®&D models to produce real-time hazard area ingm

Does not have an arbitrary discontinuity in thedndzarea at any wind speed (e.g., 10 km/hr) thidsho

Could produce time-dependent hazard areas in lass2thour time intervals.

Consistently handles the risk

Can incorporate additional information (e.g., compkpace and time dependent meteorology) if tHatnmation
is available and could be utilized by the T&D model

PoNE

SUGGESTIONS ON USE OF CT-ANALYST OR OTHER T&D MODELS TO COM PUTE TIME-DEPENDENT
HAZARD AREAS

As mentioned in the introduction, ATP-45 is desigrie produce a single 2-hour hazard-area templete accounts for
wind-speed fluctuations, but it does not take extoount: (1) time intervals of less than 2 hourd &) spatial and temporal
variations in the wind field that could result ircorrect orientation of the triangle template (efgr wind speeds exceeding
10 km/hr). In addition, abrupt discontinuity inethbemplate causes icons to change from a circkettangle as the wind
speed passes through 10 km/hr threshold. SucHatmghenomenon is unrealistic and might resudt aignificant under- or
over-prediction of the hazard area.

Notionally, we would like to provide two suggestioon using CT-Analyst or other T&D models to supmatthe ATP-45
hazard template: (1) spatial evolution of hazashaxtent as the wind sweep angle is varied, woiaely corresponds to
the uncertainty associated with wind direction kiemlge as depicted in Figure 3, and (2) a time déperhazard area for a
preselected wind sweep angle and time-intervakpgcted in Figure 4.
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Figure 3. Notional demonstration of CT-Analyst @zereal-time hazard prediction for fixed time metiand varied wind
direction fan designed to simulate uncertaintis®eiated with assigning a single wind speed fgratis-temporal domain of
interest. Only two ATP-45 triangles are shown iis fiicture: the inner green triangle correspondant&nstable ATP-45 hazard-
area template and the dotted outer triangle dersobé=utral ATP-45 hazard-area template. The domdwitent of both of these
triangles was reduced by half to coincide with THeour maximum limit on CT-Analyst predicted hazaréa evolution. Three
CT-Analyst hazard-area footprints are shown: tinetifootprint corresponds to a single wind direttd 225 degrees, the
middle footprint is constructed from a union of @Malyst footprints as wind directions are varieddegrees around the mean
wind direction of 225 degrees, and the outer fapts constructed from a union of CT-Analyst foatys allowing the wind
direction to vary +10 degrees around the mean wirettion of 225 degrees.
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Figure 4. Notional demonstration of CT-Analyst &ietemporal real-time hazard prediction for fixethd direction fan
designed to simulate uncertainties associatedasisigning a single wind speed for a spatio-temmtaiain. Only two ATP-45
triangles are shown in this picture: the inner grengle corresponds to an Unstable ATP-45 haaegd template and the
dotted outer triangle denotes a Neutral ATP-45 fthasea template. The downwind extent of bottheke triangles was
reduced by half to coincide with the 1-hour maximiimit on CT-Analyst predicted hazard-area evolntié notional period of
15 minutes associated with hazard-area updatesusreed for this demonstration. The CT-Analyst joted hazard area is
calculated by taking a union of individual CT-Anstijootprints designed to simulate +10 degree widinelction fluctuations
around a mean wind of 225 degrees. The dotted &neund the leading edge of the 60-minute cureersant to simulate +1
km/hr wind speed fluctuations and are for illustiatpurposes only and did not involve any CT-Anabalculations.
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We conclude with the following:

1. We do not advocate that ATP-45 2-hour hazard aeelates could or should be extended to includeur-h
hazard area templates. In fact, it would have h@meferable to perform this study with high-resmnturban
nomografs covering 2 hour hazard area evolutioevelitheless, we believe that similar conclusionslditave
been reached.

2. Both wind direction fluctuation of +5 and +10 degessed in the construction of Figure 2, and tinterirals of 15
minutes, wind fluctuations of £10 degrees, and vwdpded variations of £1 km used in the construadblRigure 3
are notional and are not being specifically advedat If these suggestions on the use of a T&D madel
supplement ATP-45 hazard area templates are torteroplated, then the actual values to be usedresfjuther
analyses and concurrence within the Chemical and@icdl Defense (CBD) community.
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