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1. Getting Started

About This Manual

TheHotSpotHealth Plysics Wdes or HotSpotprogram, provides firstorder
approximation of the radiation effects associated with the atmospheric release of
radioactive materials. TheotSpotprogram was created émuipemergency response
personnel anglannerswith a fast, fieldportable set of software tools fevaluating
incidents involving radioactive material. The software is also used for safatysis of
facilities handlingadioactivematerial.This program is designed for shaoainge (less
than 10 km), and shetérm (less than a few hours) predictions.

System Requirements
HotSpotrequires the following:

Windows® 95/982000/NTXP/Vista/Windows 7operating system
64 megabytes RAM

300 megabytes disk space

Optional GPS device (NMEA 0188utputforma

Contacting NARAC for HotSpot Support

Lawrence Livermore Nati onal ReleasbAdvisotyor y 0 s

Center (NARAC)provides HotSpot support.
For software technical support, please contact:

NARAC Customer Support

Phone (925) 4229159

Hours: 7:30ani 4:15pm Pacific Time
Monday-Friday, except holidays

Web https://narac.linl.goyHotSpot/HotSpot.html
Email: hotspo@linl.gov
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2. Introduction

The Department of EnerdipOE) funds ongoingnaintenance andevelopment of the
HotSpotHealth Physics Code$he HotSpotprogramhas been distributed worldwide
since 1988HotSpotcodes are a conservative (estimated radiation idasiallygreater)
estimation of the radiation effexcassociated with the atmospheric release of radioactive
materials.The main user interfacereerfor HotSpot is shown below.

P HotSpot =10lx]
File  Help
Models | Source Term | Meteorology | Receptors Setup | Output |
- Atmospheric Dispersion Models
 Plutonium Explosion ¢ Plutonium Fire © Plutonium Resuspension
 Uranium Explosion ¢ Uranium Fire & Tritium Release
 General Explosion © General Fire " General Resuspension
 General Flume
. Special Purpose Programs
 Nuclear Explosion ¢ FIDLER Calibration & Lung Screening
¢ Radionuclides in the Warkplace
HotSpot QG |

Atmospheric Dispersion Models

To expeditetheinitial assessment of accidents involving nuclear weggéotSpot
includes émospheric dispersion models for a plutonium explogham-nuclear) fire,
andresuspension; a uranium explos{mon-nuclear) andfire; and a tritium release.
Additionalii G e n erogrdme address the releasaiy radionuclide or mixturi the
HotSpot library (ICRP 30, ICRP60+, and Acutéhese models estimate thleortrange
(less than 10 kmygownwindradiological impact following the release of radioactive
material resulting from ahorttermreleasegless than a few hours2xplosiverelease,
fuel fire, or an area contamination event.

Example scenarios for each of the dispersion types are available unger theg rFdemo s
menu. In addition tprovidingexample modea| HotSpotallows the user tsave a
scenarioandcreate, edit, oadd to aadionuclidemixture Up to 50 radionuclidesan be
includedto createa mixture.

2-1
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Special Purpose Programs

In addition to the atmospheric dispersion modelst special purpose programs are also
included in HotSpot: Nuclear Explosion (nucleard@gjeFIDLER Calibration and Lung
Screening, Radionuclides in the Workplace, and a module to calBaatentile Dose
using Historical Meteorological Data

Nuclear Explosion

The Nuclear Explosion program estimates the effects of a stistasenuclear wapon.
These include prompt effects (neutron and gamma, blast, and thermal), and fallout
information. Fallout information includes fallout arrival time, dose rate at arrival time,
and integrated dose contours for several time perfodsxample, théirst 6 hours, first
day, first week, etdJsers can entexspecific start time and duration of exposuree
user interface screen for the Nuclear Explosion program is shown below.

fiF Nuclear Explosion o =13
Nuclear Explosion — | [TextFiles——————— ——Contour Plots - Computer Display
Muclear Yield Nuclear EffectsTable Output | Create Fallout Contour Plot
’7 0Ok Save Table Output | —_——
Eff. Wind View Saved Table Output Files | & Plume Centerdine ¢ Compass
B.80 mis
Contour Plots - Mapping Files
% Append Fallout Fallout Contour File (.KML) |
Prompt Neutron REE ¥ Append Summary Prompt Effects Files (KML) |
30 r ™ Prompt Contour Effects
Digplay HH reference dose rate A e GEdme

Wind Direction Hotspot Mapping — =
’7| 270 Wind from the West ’7 ‘
—Fallout Exposure Time and Sheltering Values for Tables and Contour Plots
¥ield Calculator — o e
INo Shielding j Shielding Transmission
Contour Values  Dose in first hour  Dose in first week FE‘%%BI Eemie 1.0000
Fallout Dose (rem £~ Dose in first six hours  Dose in first month
Inne 1.00E-+13 @ Doge in first day " Dose in first year Prarpt Meutron 1.0000
Middl |3 O0E+02 (I:[E:Dhﬁe in fgﬁl A'da\'sp 1(‘ User Selection Fallout I 1.0000
Cut I2 O0E12 ange ExXxposure Faramelers
Exnosure Duration Info Here
(Weatheting Correction Factar : Mone)
Ground Roughness Caorrection Factor 0.700

™ Detonation Location: 35.00722M108.43890W

FIDLER Calibration and Lung Screening

The FIDLER Eield Instrument for th®etection of low-EnergyRadiation) program is a
tool to calibrate instruments for grousdrvey measurements of plutonium and provide
initial screening for possible plutonium uptake in the lung. However, the FIDLER
program caralsobe appied to any instrument suitable for measuring external radiation
levels and nosplutonium mixturesCurrent versions of the FIDLERstrumentare

coupled with a Multi Channel Analyzer (MCA). These advanced MCA instruments are
referred to as the Violinistnal more recently the Stradivarius.
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fF FIDLER Calibration
File  About
Calibration IMixture| Lung Screen | Calibration Setup | Equipment 1.0, |

=10 x]

Data Entry Text File Output
Radial 60-keV Window 17 -keV Window
Positio Total, S Total, S Text File
{cm) counts counts
0 36.835 15.048 Save Text File
20 23.118 8,602
40 | 0806 | 3148 View Saved Files
60 4614 1.318
80 | 20584 | 766
100 1.684 582
Background 750 450 Clear
Efficiency (Sa) Detection Limits Bkg Source K sdev
cpm cpm Area Point
ug/m2 uCi/m2 uCi/m2 uCi cpm cpm m2 %
Am-241 Wind.
’7 [46E+01 [50E+02 [26E01 [13E01 [ 750 | 36085 [051 | 36 |
17 -keV Window
[55E+01 [60E+02 [17E01 [84E02 | 450 | 14598 [o050 | 67 |
I™ QA Graph
1 Print |

Radionuclides in the Workplace

The Radionuclides in the Workplace program provides a guide for initial planning of
experiments and workplace environments. The selection of a workplace is generally

based on the reiae hazard of an operation and on the quantity and radiotoxicity of the
radionuclides involved. The relative hazard of an operation is determined by evaluating

the type of radionuclide to be used, its chemical and physical form, the mass of the
material ontaining the radionuclide, and the nature of the operation to be performed.
Workplaces are divided into three classifications: Type 1, Type 2, and Type 3.

MPF Radionuclides in the Workpla o [=]
~Radionuclide Information
Plutoni ALl : Nonstochastic (FGR-13 5 um AMAD) ——
|Pu7233 M 87.7dy | SE+02 By (1E-02 uCi)
. m ~DAC
| Change Radionuclide I I JED1 Bym3 (BE12 Cu3 |
~ Specific Activity

[ 6.345+11 Boig (1.71E+01 Cifg )

—Workplace Requirements

Type 1 Type 2

Type 3 |

—Mass (non-rad|
0.00E+0 g

Print |

 Type of Operation — | [ Maximum Rec ded Activity
~ Type 1 Workplace —— Type 2 Workplace
Storage ﬁ 1.0E+05 Bq (2.7E+00 uCi ) ﬁ 1.0E+08 Bq (2.7E+03 uCi)
© Simple YWet
& Normal i Recommended Workplace
£ Simple Dry I Type 1 Workplace _’ML
 Complesx \Wet Total Activity 58E08 g
 Dry and Dusty I 1 O0E-+00 Ui [ Mass (fotal
: SBEDE g

Hazard Guide —
ITEHE
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Percentile Dose using Historical Meteorological Data

This modulecalculates the 95percentile of the dose distribution for up to 20 radial
centerline distances in each of 16 wind direction seétlimsction dependent), and all 16
sectors (direction independent). Default percentile values &re980, 95", 99" and

99.5". Users mg selectother percentile values as needed (50t00"). HotSpotinputs a
sequential file of up to 5 years of hourly meteorological observations and either
determines the percentile data via an intermediary Joint Frequency Distribution (JFD) or
calculatng the dos&aluefor each houy data set. The JFD method is much faster than

t he fAbrut e fhaurlydasecalculatibs Tha JEDUsd9 windspeed groups,
and users can change the wind groupvalleser contr ol s are accessec
Met Datao button on the AOutputo tab as show
MPF HotSpot Version 3.0 =|olx]
File  Help
Models | Source Terml Meteorology | Receptors Setup Output |
Text Files —Plume Centerline Plots

Table Output
Save Table Output
View Saved Table Output Files

# Plume Centerline ¢ Compass
I™ Display All TEDE Components

I Include All Organ Data

™ Include Organs Excesding 50 rern
I™ Append QC Data

—Contour Plots - Comp Display
TEDE Contour Plot |

Ground Deposition Contour Plot |

" Plume Centerline

TEDE Graph |

Ground Deposition Graph |

—Contour Plots - Mapping Files

TEDE Contour File (.KML) |

Deposition Contour File (.KML) |

I™ Contour Optiohs @
1l

~Hotspot Mapping ———

© Compass

oy

D

[ Sie etoa |

™ Default Source Location: Unknown Release Location

Fila
— Total Effective Dose Percentile Values

Percentile A Percentile B Percentile C Percentile-D Percentile E
’7| 50 th —”] 90 th —”V| 95 th —V] T 99th ’7 99.5 th —‘

HotSpat Default Walues |

Create Percentile Table |

™ Wite All sorted Freguency Data to Disc
™ Calculate Individual houtly data (Mo wind grouping)

=Wind Speed Groups

0.10 | Group 0z W0 <=u <= W1 Accept | Display JFD |
0.50 Group 1: W1 < u=<=W2 . |

Cance | i
1.00 | Group2:W2< u<=W3 ‘ Change Wind Group |

2.00 | Group3:W3 =< u==Wi1 Defaplis |
3.00 Group 4 : W4 = u=<=W5
4.00 Group 5: W5 < u<=W6
5.00 Group 6 : W6 = u<=W7
6.00 Group 7 : W7 < u<=W8
8.00 Group 8 : u = W

Met Data Input Format

Change I

MACCS2 - wind FROM sector j

S885888%2¢2
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Additional Information and  HotSpot Help
Clicking on HotSpot Help (circle below) will provide additional information.

Thereare also hot buttonsithin the program. When scrolling oveglectfields,
additionalinformation will be displayed, as shown in the example below.

3.33E-E|4 mais

| rrm—
If checked, all output dose data will include Resuspension
inhalation Dose for the indicated exposure duration

0.10
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HotSpot QC

TheHotSpotprogramhas been designedth a Quality Control (QC¥eature that verifies

that the codes are functioning properly. It is a good ideartehis check to confirm

HotSpot has been installed correctly on your systordo socLick HOTSPOT QC

located at the lower right of the apeg screen. A checkmark and message indicating

that all systems pass should appear in green. In the event a system is highlighted in red
and indicates that it did not pass, contact NARAC at Lawrence Livermore National
Laboratory.

HotSpot Qual

~HotSpot QC

I Pass - Nuclear Explosion
¥ Pass - Plutonium Explosion

W Pass - Plutonium Fire

¥ Pass - Plutonium Resuspension
¥ Pass - Uranium Explosion

¥ Pass - Uranium Fire

¥ Pass - Tritium Release

¥ Pass - General Explosion

W Pass - General Fire

¥ Pass - General Resuspension

W Pass - General Plume

Return

Basis of the HotSpot Codes

The HotSpot Health Physics codes were created to provide emergency response
personnel and emergency planners with a fast,-fietthble set of software tools for
evaluating incidents involving radioactive material. The software is also useddty saf
analysis of facilities handlingadioactivematerial. HotSpoatmospheric dispersion
modelscodes are a firsbrder approximation of the radiation effects associated with the
shortterm (less than a few hourgmospheric release of radioactive matsria

Verification

HotSpotcodes involving the dispersal of radioactive material use the Gaussiardmodel
the workhorse for atmospheric dispersion calculations that is used by most government

agencies, including the Environmental Protection Agendtg doau me n t ATechnical
Guidance for Hazards AnalysisEmergency Planning for Extremely Hazardous
Substances, 0 U. S. Environment al Protection A

Agency, and U.S. Department of Transportation, December 1987. The adequacy of this
model for making initial dispersion estimates or warase safety analyses has been
tested and verified for many years (Handbook on Atmospheric Diffusion, DOE/TIC
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11223 (DE82002045), prepared for the Office of Health and Environmental Research,
Office of Erergy Research, U.S. Department of Energy, 1982).

To more accurately estimate the radiologicadetf in proximityof the release aresor
example 100 meters from the point of radioactive release, virtual source terms are used
to model the initial atmospheric distribution of source material following an explosion,
fire, or resuspension zone, wserinput geometry.

TheHotSpotcodes are continuouslypdated to incorporate the most current and
approved radiological dose conversion data and methodologies. To ensure correct
implementation of thélotSpotalgorithms following software revisions, eadbtSpot
module is thoroughly tested against a librargas$e studiesdotSpotallows the user to
run this automatic verification process. Each case study is executed with all
parameters/defaults set to the exactdsdy values stated in th#otSpot
documentation. The resulting output is compared with ticerdented results. This
ensures thaheHotSpotprogramhas been properly installed and all algorithms and
assumptions are working correctly.

Radionuclide Library

i Radionuclide

Cobalt Wiew Inhalation DCFs | Return I
View Submersion DCFs | Print |
I(:'o—fsn M 5.271y =l
‘iew Ground Shine DOFs |
| FGR 1312 DCF values. ICRP series B0 and 70
~Inhalation Dose Conversion Factors (rem J curie)
R tlarrow 1.63E+04 UL wall I 1.47E404 Adrenals 255E+04
Lung 1.84E+05 LLI all I 1.79E+14 Sk 5.68E+03
3] Wall 1.25E+04 Kidneys I 1.49E+04 Spleen 1.97E+04
Thyroid I 141E+HM Livar I 316E+04 Tesfes 7 18E+03
Bliees 2.28E+04 B Wall I 9. 14E403 Thyrmus 271E+04
ETregion | B.0IE+04 Muscle [141E+04 Brain | 7.25E+403
St wWall 1.69E+04 Ovaries I 1.16E+04 Uterus 1.05E+04
E Surface 1.45E+04 Pancreas I 213E+04
Cogl & Classic One micron AMAD 50-yr CED | 3.77E+04

HotSpot uses the radiation dosimetry methodologies recommended by the International
Comnission on Radiological Protection (ICRP). These methodologiesuanearized

in Federal Guidance Report No. (Hckerman et a1.198§, Federal Guidance Report No.
12 (Eckerman et al1993, andFederal Guidance Report No. IBckerman et al., 1999
FGR-11 provides dose coefficients in the form ofy&ar integrated dose equivalents for
acute inhalation ofadionuclides and is based te biokinetic and dosimetric models of
ICRP Publication 30 (1979, 1980, 1981, 1988%R-12 provides dose coefficienin the
form of dose per unit timetegrated exposure for external exposure to radionuclides in



Hot Spot User s Gui de 2. Introduction

air, water, or soil.LFGR-13 provides dose coefficients using the new I€#8Rung model
and ICRP series 60/70 methodologieskermaret al (2010).

In addition to the inhalation 5§ear Committed Effective Dose Equivalent DCFs, acute
DCFs are available for estimating deterministic effects. This acute mode can be used for
estimating the immediate radiological impact associated with high acute radiatisn dose
(applicable target organs are the lung, small intestine wall, bone marrow and)thyroid
Eckermaret al(2010).

A onemicronactivity median aerodynamic diametér ( eAMAD) is assumedHotSpot
supports both classic units (rem, rad, curie) and SIG8yBq) units. Users can add
radionuclides and custom mixtures (up to 50 radionuclides per mixture).

Summary

HotSpot FGR-11 Option
¢ Old Lung Model (ICRP30)
e [CRP Publication 26 (1977) Tissue Weighting Factors
e Absorption Types D, W, Y.

HotSpot FGR-13 Option
e New Lung Model (ICRF66)
e [CRP Publication 60 (1991) Tissue Weighting Factors
e Absorption Types F, M, S.

Old and new dose terminology is given in the table below:

Old ICRP 26/30 New ICRP 60/66
(HotSpot FGR-11 Option) (HotSpot FGR-13 Option)
Committed effective dose equivalent Committed effective dose
Committed dose equivalent Committed equivalent dose
Cumulative total effective dose equivalent Cumulative total effective dose
Dose equivalent Equivalent dose
Effective dose equivalent Effective dose
Quiality factor Radiation weighting factor
Weighting factor Tissue weighting factor
Total effective dose equivalent Total effective dose

2-8
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3. Using a HotSpot Program

This sectiorsteps througlan example dispersion model to highlight some of the features
of theHotSpotprogram.

P HotSpot Version =ol x|
File  Help
Models | Source Term | Meteorology | Receptors Setup | Output |

—Atrmospheric Dispersion Models

 Plutonium Explosion ¢ Plutonium Fire " Plutonium Resuspension
 Uranium Explosion ¢ Uranium Fire & Tritium Release
 General Explosion " General Fire " General Resuspension
 General Plume

—Special Purpose Prograrms

 Muclear Explosion " FIDLER Calibration & Lung Screening

" Radionuclides in the YWorkplace

HotSpot QC

From the opening screen, select a dispersion nardelroll under the File menu to open

a saved scenario or to create or edit a mixture. Then, navigate through each of the tabs:
Source Term Meteorology, ReceptorsSetup, andOutput, entering all criteria specific

to the release. Default criteria based ywidal data for each of the dispersion types are
included inHotSpot However you maychang these values

When one of théour generaldispersion modelgxplosion, fire, resuspensicand
plume is chosena prompt will appear to select a radionuchaen theHotSpotLibrary
or to select a mixture from your mixture libraag shown below

Radionuclide

™ Infa

| Print |

Select MNew Nuclide

Select Mixture from your Mixture Library |

FGR 13112 DCF walues. ICRF series B0 and 70.

31
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There are twanethoddor selectinga radionuclide from the HotSpot library. Users can

either directly ent3ero tama rcddicknu dlei doke.

pull down list of radionuclides by clicking the dovanrow button on the right side of the
entry box.You canscroll down to the desired radionuclide or start typing the symbol to
jump to the appropriate series of radionuclides.

i3 F 12.35 y ~

H-3 G 12.35 y as HT

n-3 6 12.35 y as Organic =
n-3 M 12.35 y SEUERL
n-3 s 12.35 y

H-3 ¥ 12.35 y as HTO

HE-167  2.0500E+00 m

HE-169  3.2400E+00 m |

Direct entry Pull down list

If the FGR 1llibrary is selected, the direct entry method will seledagttestabsorption
class available, e.g., tyfeif types D, W, and Y are in the library. If the FGR 13 library
is sekcted, thedCRPrecommended default absorption types from the following table are
selected (ICRP Publication 72, 1996)

Symbal Type Symbaol Type Symbol Type
H M Sr M Yb M
Be M Y M Lu M
C M Zr M Hf M
M M Mb M Ta M
Q M WMo M W F
F M TC M Re M
Ma F Ru [\ Os M
Mg M Rh M Ir M
Al M Fd M Pt F
Si M A0 M AU M
P N Cd M Hg M
3 M In M Tl F
Cl M Sn M Pb M
K F Sh M Bi M
Ca M Te M Po M
Sc S | F At M
Ti M Cs F Fr F
v M Ba M Ra M
Cr M La M AC M
In M Ce M Th S
Fe M Pr M Pa M
Co M MNd M u M
Ni M Pm M MNp M
Cu M sm M Pu M
Zn M Eu M Am M
Ga M Gd M cm M
Ge M Th M Bk M
AS M Dy [\ Cf M
Se F Ho M Es M
Br M Er M Fm M
Rb F m M Md M

DefaultICRP 72absorption types

3-2
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After selecting a radionuclide(s) involved in the general releasex ok and a

summary of dose conversion fact@sCFs)for various organs and areas of the body will
be displayedinhalation, submersion, and grouskdine DCFs may be displayed as
applicableas shown below

~Radionuclide

Cobalt Wiew Inhalation DCFs | Retum I

Wiew Submersion DCFs | Print |

I(:'o—(ii) M 5.271y |
View Ground Shine DCFs |

‘ FGR 13/12 DCF values. ICRP series B0 and 70

~Inhalation Dose Conversion Factars (rem / curie)

R Marrow 1.63E+04 LILI Wall 1.47E+04 Adrenals 2.55E+04

Lung 1.94E+H15 LLI Wl 1.79E+14 Skin 8.88E+03

=1 \all 1.25E+04 Kidneys 1.49E+14 Spleen 1.57E+04

Thyraid I 1.41E+04 Liver 31BE+04 Testes 7.18E+03

B 2.28E+04 1B Wall 9.14E+13 Thyrmus 2.71E+04

ET-region 5.03E+04 Muscle 1.41E+04 Brain 7.25E+403

St Wl 1.69E+H14 Ovaties 1.16E+14 Uterus 1.05E+04

E Surface 1.45E+04 Fancreas 2.13E+04

C8 G Clssic One micron AMAD 50yr CED | 3.77E+04

CLICK RETURN to continue imputing data under tBeurce Termtab.

P o [=[}3]
File  Help
Models Source Term | Meteorology | Receptors Setup ] Qutput }
Model : General Plume
Radionuclide Material-at-Risk (MAR) Damage Ratio (DR)

Change Radionuclide Source Term |

Effective Release Height

Deposition “elocity

| 0m ‘ 0.30 crmfsec

| 1.0000E+00 Ci

[ 1.000

Leakpath Factor
1.000

I™ Calculate Flume Rise
Airbarne Fraction (ARF)
1.00E-+10

Respirable Fraction (RF)

1.00E+ID

Material at Risk(MAR), is the total quantity of the radionuclide involved in the release
scenarioDamage Rati¢DR), is the fraction of the MR that is actually impacted in the
release scenarid helLeakpath Factor(LPF) is the fration of the MAR that passes
through some confinemeat filtration mechanism. For unmitigated releasenariosthe
Leakpath Factor is RAirborne Fraction (ARF) is the fraction of théVIAR that is
aerosolized and released to the atmosphereR€Ebpirable FractionRF) is the fraction
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of aerosolized material that is respirabde@(odynamidDiameterfAD)O 10 Hi cr ons
TheRespirable Release Fractios the fraction of thitMAR that is dispersed into the
atmosphere withaAD O 1 0 m(Respirdle release fraction ARFx RF). The
Non-Respirable Release Fractios the fraction of thiAR that is dispersed into the
atmosphere with aAD in excess of 1@nicrors. (Nonrespirable release fractionARFx

(17 RF). The finalHotSpotrespirableand norrespirableairborne source tersrare

Respirable Source TermMAR x DR x LPF x ARFx RF
Non-respirable Source TermMAR x DR x LPF x ARFx (1-RF)

The Deposition Velocitys the ratio of the observedspirabledeposition flux and the
observedespirableair concentration near the ground surfadee total airborne source
term may include bothespirable and nerespirable release components. The respirable
release component (the quantity of material that is respirable and available for dilspersi
in the atmosphere) has a separate respirable deposition velocity than-tespicable
release component (the quantity that is-nespirable and available for dispersion into

the atmosphere).he Respirable Release component is the fraction of thleguantity of
material involved in the fire, explosion, etc., that is respirable and available for dispersion
into the atmosphere. This component has a separate respirable deposition velocity
(default value of 0.3 cm/sec for non noble gases), and istaskddermine the inhalation,
groundshingsubmersion doseand plume depletiodue to the respirable component of
the source term.

After entering information about the source of the relegeao theMeteorology tab
(shown belowgnd enter applicable wind and solar datau may also select specific
atmospheric stability classifications, such a&A

10-meter Wind Speed the wind speed atr@ferenceneight of10 meters(Under the
Setuptab, thedefault height can be changedany value from 2 to 100 metey$n the
Selectedstability Classwvindow, choose thatmospheric stabilitglassification from
among tke descriptions providedhe azimuth of th&Vind Direction (direction wind is
comingfrom) is given in degree® = wind from the north, 90 = wind from the east, 180
= wind from the south, and 270 = wincbf the west.
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IF HotSpot Version 3 M i=F3
File  Help
Models | Source Term Meteorology | Receptors | Setup | Output |
10-meter Wind Speed Selected Stability Class
5 mis ™ Display Wind Chart D
Wind Direction

| 43 Wind from the NE

[~ Atmospheric Stability
Enter Solar Information - or - Enter the Actual Stability

 5un High in the sky A - Sery unstable

© Sun Low in the sky or cloudy " B - Moderately unstabla

£ Night ¢~ C- Slightly unstable
D - Neutral

" E - Slightly stable
" F - Moderately stable
5 - Special nighttime (Jow wind)

Next, go to th&Receptorstabto select specific downwind locations for tHetSpottable
output Default coordinates will be provided for distances (in kilometers) from the source.
Distance values can be changed. To enter aaxiéf position, enter thedistance and
y-distancg(in kilometers)separated by a semicolon. For example, 3.23; 0.2bation

with anx-coordinate of 3.23 km andyacoordinate of 0.22 km.d save these values in a

file, cLiIck SAVE NEw VALUES. The Location Designators button allows you to add
names and distance values for a particular locaslach as a local schoolfffice

building, or hospital.

In theReceptor Heightvindow, enter a range that is between 0 36d metersThe
default value of 1.5 meters is typical for the breathing zone near the ground service.

fIF HotSpot Version 3 =10l x|
File Help
Models | Source Term| Meteorology  Receptors | Setup | Output |

Return to Original Defaults | Receptor Height
Save New Yalues | Location Designators | 15m

~Coordinate Positions for Table Cutput (ken)

@ D1 |0 1=003 woon [D1=1
win2 D 2=0.1 f D1z [D12=2
wn3 D 3=02 f D13 [D13=4
D4 D 4=03 D14 [D14=E
D5 |0 5-04 (D15 [D15=8
D6 |0 B=05 D16 [D 16=10
D7 |D7=06 /D17 [D17=20
~pg D E=07 ~ D18 [D18=40
~ D9 D 9=08 D19 D 13=60
 Dio [0 10=09 D20 [D20=280
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Under theSetuptab, replace any of the default wak with those that are specific to the
release.

fiF HotSpot Ver =|of x|
File  Help
Models | Source Term | Meteorology | Receptors Setup | Output |
~Tetrain Radiological Units Diztance Units —
' Standard : Conservative Option & Classic (rem, rad, Ci) & hatric
 City : Large Metropolitan Area £ 5l (Sievert, Gray, By " English
I i S i 65 Exzplosion Model AF Distribution
WWind Ref Height Sample Time Source Geometry Default HotSpot Yertical AF Distrib
’7 I 10 maters —‘ ’]10 —‘  Simple I | Chanme/view A Distribitisn
T Complex
Mixing Layet ——————————— ;
™ Enable Inversian DCF Library
T FGR11 & FGR13 € Acute (30-days)
[ Ground Shine & Resuspension Breathing Rate
™ Include Ground Shine (Weathering Carrection Factor - Mone) 4 17E04 m3ds
™ Include Resuspension [Resuspension Factar = Maxwell-Anspaugh)
Exposure Time: (Start: 0.00 days; Duration: 4.00 days) Huoldup Tirme
“D min
~Contour Walues Mor-respirable Deposition YWelocity
TED (rem Deposition (uCi/m2| ’V IE crmisec
Inner 1.00 Inner 100.00
Middle |[|5[|7 Middle 10.00 Wet Deposition ————————————
Outer l[l‘l[li Cuter 1.00 I™ Enable Rainout
@ uCifm2 ¢ dpmi(100 cm2)
Return to Original Defauts

ChoosingCity terrain will usually result iHower doseghanthosedisplayed for

Standard due to the increasetiffusion fromthe turbulence caused targerbuilding

structures. Choosingtandardterrain will usuallyproduce the most conservative

estimateghigher potentialdosesfhec ki ng t he Al nput Surface RO
the user to input the surface roughness heghtVhen checkedhe Standardoption is

automatically selected, andetCity option disabled since th# associated with typical

city structures is already incorporated into @iy sigmaz valuegReferto fiSurface

Roughness Heightin Section 7).

Terrain
@ Standard : Conserative Option

ity Large Metropolitan Area
™ Input Sudace Roughness

HotSpot allows the user to modify the Airborne FractioRIEA vertical distributionlf a

check is placed in front d&hange/View Vertical RF Distribution, you will be

prompted to entea custom vertical source distribution for #aelosiverelease modsl

The default values are balsen experiment§¢Green Fidall), involving 100+ pounds of

hi gh expl osi ve. You al so -havghth€oopteconoaf F
to adjust the height of the stabilized plume, or usinggaw i Gr e dond hEighe | d 0
methodology for explosive quantities below 100 psI(TNT equivalent), by checking

t h @reein FieldOptiooér check box, while still following
pounds

( Ref ereentFelEik pl osi ve Cl oud WeengdiSpatisi n Secti on
installed, theiGreen Field Optiod ¢ h e ¢ kitiallyaheckedd he iChurckhheight

correction factor s n ot Gseend-ield @ptiabdheck bdxs checked.

Wh e n e v &reentFielé Opfiod ¢ h e c k b o x Chuschheighecortectich, t he

~

factor is reset to 1.00000 and not changeable by the user (grayed but)t he @Al ncl ude
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Bal |l i st

termis modeledas ballistic materigl100 umi 1000 pum AD)(Re f e r

in Section 7).

c Parti cl easbornefldARF), compoonentefthe sodrce

t o

i Bal

t he
| i st

Default HotSpot Yertical AF Distrib

Explosion Model AF Distribution
’]_ Changefview AF Distribution

HotSpot Health Physics Codes

Airborne Source Component Cloud Distribution

[~ Ballistic Particle Size Distribution —

100 um Bin 0.10000
200um Bin | 0.10000 f
300 um Bin ]W
400 um Bin 0.10000
500 um Bin ]W
600 um Bin ]W
700 um Bin | 010000
80 umBin [ 010000
900 um Bin ]W
1000 um Bin | 0.10000

Total
1.00000

Particle

50 giems

Fi
h(5)

> h(4)

h(2)

h(1)

N W oo |

2 I Include Ballistic Particles (f Aitborne Fraction < 1)

| 020000

raction of Total AF

035000
| 016000
0.04000

Total

Return

Wind RefHeight is the height at which the wind speedaterencedWind speed data
are typically referenced to a height of 10 meters. The actual data migigasered at a
different height €.g.,using data from a 61 meter meteorological tower and then these
data are adjusted to a-hfeter reference heighy the wind height power layv

Wind Ref Height
’7 I 10 meters —‘

Contour Values are thHEEDE andDeposition values used for the contour plots.

TEDE and Deposition contour ks must follow a progression. Specifically, the inner
TEDE contour value must be greater than the middle value, which in turn, must be
greater than the outer TEDE value. The same applies for Deposition contour values.

ContourValues

TEDE {(rem Deposition {uCifm?2)
Inner |2.50E+0 Inner  [1000.00
Mlddle|5.00E+DD kicdle [100.00

Outer [2.00E+0D i 1000

& uCifme  dpm/(100 cm2)

In the HotSpotprogram thetime over which the integrated concentration is averaged

referred to ashe Sample TimeThe equations for the standard deviation of the Gaussian

concentration distribution in the creagis direction (sigm&) are representative of
observing plume charactstics over ssampletime of 10 minutes. Concentrations
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downwind from a source decrease with increasing sampling time primarily because of a
larger sigmay, which isdue toincreased meandef wind direction and increased
horizontal diffusion.

UnderDCEF Library, select which libraryHotSpotis to useFGR 11enablesGR 11/12

DCF valueqICRP series 30FGR 13enabled~GR 13/12 DCF valuedCRP series 60

and 70 New Lung Model). If Acute is selectegdouwill be prompted tselect specific
acute DCF valuesom the following menu.

CCF Library
* FGR11 ¢ FGR13 " Acute (1-day) ‘

Selecta dose integration time period, and click on the "Return” button.

 Acute Intake
 Acute Intake - Dose in first 30 days (Federal Radiological Assassmant Center [FRMAC])
 Acute Intake - Dose in first 30 days (AEA-TECDOC-1432 Jan 2005)

 Acute Intake - Dose in first day (DOE Wulnerahilty Assessment)

High Linear Energy Transfer (LET) Relative Biological Effectiveness (RBE)

# RBE =1 RBE - Iung

C RBE-7 FRMAC DOEV&A NUREG/CR-4214 Rewv. 2 Partl, 1933), and IAEA-TECDOC-1432
© RBE=10

© RBE =20

High Linear Energy Transfer (LET) Relative Biological Effectiveness (RBE)

S RBE - red marrow
© RBE=2 FRMAC NUREG/CR-4214 Rev. 2. Part], 1993). and IAEATECDOC-1432 (Jan 2005)
 RBE=3

Return

If a check is placed in front dficlude ground shineall output dose data will include
ground shine fotheindicatedexposure time perioffour days beginning at time zerdj

a check is placed in front triclude Resuspensiqgrthe inhalation dose from resuspended
materialwill be includedin all dose data. If either or both boxes are checked;tlaage
Exposure Parametersheck box will appear.

~Ground Shine & Resuspension
¥ Include Ground Shine (Meathering Correction Factor : Mone)
™ Include Resuspension (Resuspension Factor : \WASH 1400 NUREG-75/014);

[~ Change Exposure Parameters
Exposure Time: (Star: 0.0 days: Duration: 4.0 days)

-~ Ground Shine & Resuspension
¥ Include Ground Shine Meathering Correction Factor : None)
[¥ iInclude Resuspension (Resuspension Factar | WASH 1400 NUREG-75/014)
[~ Change Exposure Parameters

Exposure Tirme: (Start: 0.0 days: Duration: 4.0 days)
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If the ChangeExposure Parameterbox is checkegdyou will be prompted to enter the
ground shine exposure time perigglound roughness factor, and specific weathering
model to usérom the following menu.

HotSpot Healil
Ground Contamination Options
Return
Exposure Time Settings
Start of Exposure | Exposure Duration
( | 0.00 Idays =] { | 4.00 days =]
i Ground Roughness Correction Factor (GRCF)
arer | 1000 I Other
Weathering Correction Factor (WCF)
= Mo Weathering
© WYASH 1400 (NUREG-75/014) WCF = GRCF [ 063 expi-1.13 1) +0.37 exp(-0.00748 1) | ; 1 in years
¢ Likhtarev - Health Physics, March 2002, Val.82, No. 3: WCF = GRCF [0.40 exp(0.45 t) +0.60 exp(0.014 1) | ; tin
years
Resuspension Factor ( RF [ 1/meter ] )
& Waxwell and Anspaugh- 2010 RF = 1E-05 exp(-0.07 t) + 7E-09 exp(-0.002 t) + 1E-09; t in days
 NCRP Report MNo. 129 RF (0-1) day = 1E-06; RF (1 to 1,000 days) = 1E-06 /1 ; RF(t = 1000 days) = 1E-09; t i
€ WASH 1400 (NUREG-75/014) RF = 1E-05 exp-0.677 t) +1E-09 ; tin years
€ Constant RF = 1.00E05 (1/ meter)

Note: TheTotal Effective Dose Equivalent (TEDE) valuesmuttin previous versions of
HotSpotonly includedthe inhalation and submersion component of the TEDvng
plume passagéf applicable, the initial ground shim®se rat€rem/hr or Sv/hr)s also
output. Starting with VersioB.07 bothresuspension anground shine, inclusive of
weathering, areptionallyincluded in the TEDE values. The duration of the exposure
time period is now selectable by the user. When you first run HotSpot, the time period is
from initial releaseplus4 days Start of Exposure= 0 daysExposureDuration = 4.0
day9, andinclude Ground Shineandinclude Resuspensionptions argot checked.
This results in calculated TEDE values identical with previous versions of HotSpot
(TEDE due to plume passage only)he Start of Exposureis anyvalue greater than
zero, the plume passage component (inhalation and submersiohinsluded in the
outputTEDE values. For exampleif the Start of Exposurds set to 0.1 dayf 0.1 hour
etc.)the plumepassage component of the TER# not be included.If the Include
Ground ShineandInclude Resuspensiomptionsare not checked, the output TEDE
values will all be zero since plume passage is not included. Ifichede Ground Shine
andInclude Resuspensiomptionsarechecked bah ground shine and resuspension are
included.If the Start of Exposurds set tol year and th&xposure Durationset to 1

year, the resuspension and ground shine TEDE from year 1 to year 2 will be dogut.
Plutonium Fire examplm section 4demonstrees this feature.

Holdup Timeo n t h edtahiSteetdurgiion that the released radionuclide(s) is
contained prior tats release into the atmosphere.
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Breathing Rateis the assumed breathing rate for individuals exposed to the radioactive
plume(Default is 3.33 x 1d m¥sec = 1.2 rithr).

Non-respirable Deposition Velocitis the ratio of theneasurechon-respirable
deposition flux and theneasurechon-respirableair concentration near the ground
surface.The nonrespirablerelease componentile fraction of the total quantity of
material involved in the fire, explosion, etc., that isHnespirable and available for
dispersion into the atmosphere. This component has a separatspwable deposition
velocity (default value of 8 cm/sec),dis used to determine groundshisebmersion
and plume depletion.

Next, go to theéutput tab.HotSpotprovides several output options.

=1olx|
File Help
Models | Source Term | Meteorology | Receptors Setup Output |
[ Text Files [ Plume Ci ine Plots
Table Output TEDE Graph |
Save Table Qutput
View Saved Table Output Files Ground Deposition Graph |
& Plume Centerline ¢ Compass
™ Display All TEDE Cormponents
™ Include All Organ Data i~ Contour Plots - Mapping Files

™ Include Organs Exceeding 50 rem

TEDE Contour File (.KML) |
I~ Append QC Data

Deposition Contour File (.KML) |

—Contour Plots - Computer Display

™ Contour Options
TEDE Contour Plot | i
Ground Deposition Contour Plot |

& Plume Centerline ~Hotspot Mappi

o

I Default Source Location: Unknown Release Location Site Met Data

SelectingTable Outputwill produce atext summary of results for the radionuclide
entered at the beginning of the session. $himmarycan be saved and viewed or
compared with previously generated summaries.

If Plume Centerlinds selected, all points will be converted to radial distanceken t
plume centerline. IEompasss selected instead, the table will contain ackal
locations andHotSpotwill use input wind directions.

Display all TEDE Componentsvill include the individual components of the TEDE;
Inhalation, Submersion, Ground 8h&j and Resuspension as applicable.

Selectinclude All Organ Dataor Include Organs Exceeding 50 reno include the
organ committed equivalent dose data for the selection.

Append QC Datawill include #d HotSpotvariablesn the output table. If aadiological
mixturewas used, all of the mixture data will be included.
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Site MetData (located in lower right cornenyill launch theHotSpot module that inputs
site-specific meteorologicalatato for calculation of percentile dose values
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Table Output Text Summary

source Material

Material-at-Risk (MAR)
Damage Ratio (DR)
Airborne Fraction (ARF)

ResEirab1e Fraction (RF)
Leakpath_Factor (LPF)
Respirable Source Term
Non-respirable Source Term
wind speed (h=10 m)

File Edit Fommat Yiew Help
HotSpot version 3.0 General Explosion -
Mar 01, 2013 09:41 AM —

Co-60 w 5.27ly
2.5000E+03 C1i

1.00

1.000

0.200

1.000

5. 00E+02 C1i
2.00E+03 Ci

5.00 m/s

wind Direction

45.0 degrees wind from the NE
High Explosive
De

25.00 Pounds of THNT

ris cloud To 170 m
i[church Cloud Height CF 1.0000
h({5) AF Fraction Q.2000
h(4) AF Fraction 0.3500
‘th({3) AF Fraction Q.2500
h{2) AF Fraction 0.1600
‘Ih{1) AF Fraction Q. 0400

UNMITIGATED BLAST DAMAGE

|IABTI =safe distance 274 m (900 ft)

lonset of shattered glass due to blast (0.5 psi): 64 m - 82 m (211 ft - 269 ft)
Eardrum ruptures an incagacitatiun £ 5 psi) - 13 m - 20m (42 fr - 66 )
Lung dama?e and complete incapacitation (10 psi) : 8.8 m - 13 m (29 ft - 44 ft)
onset of Tethality {25 psi) - 5.7m - &8m (19 ftr - 29 ft)
Fatalities in over 99% of population (100 psi) ¢ 3.1 m - 5.2 m (o ft - 17 fr)

(Mote: minimum range corresponds to side-on pressure and maximum range
| corresponds to reflected overpressure generated using
sandia National Laboratories BLAST model.

|stability class ]
||Respirable Dep. wvel. : 0.30 cm/fs
Non-respirable pep. vel. : B.0O0 cm/s
:|Receptor Height 1.5 m
lInversion Layer Height : None
.|zample Time : 10,000 min

;|Breathing rate
|pistance coordinates

3.33E-04 m3/sec
A1l distances are on the Plume centerline

Maximum Dose Distance : 0.010 km
MAXIMUM TEDE : 64 rem
Inner Contour Dose : 25 rem
\IMiddle Contour Dose : 5.0 rem
outer Contour Dose : 2.0 rem
Exceeds Inner Dose Qut To : 0.068 km
.|[Exceeds Middle Dose out To : 0.27 km
Exceeds outer Dose Out To : 0.69 km

FGR-11 Dose Conversion Data — Total effective Dose Equivalent (TEDE)

Include Plume Passage Inhalation and submersion

Include Ground shine (weathering Correction Factor : WASH 1400)

Include Resuspension (Resuspension Factor :© WASH 1400 NUREG-75/014)
Exposure window:(start: 0.00 days; Duration: 4.00 days) [100% stay time].
Initial Deposition and Dose Rate shown

Ground Roughness Correction Factor: 1.000

RESPIRAEBLE
DISTANCE TEDE TIME-INTEGRATED GROUND SURFACE GROUND SHINE ARRIVAL
AIR CONCENTRATION DEPOSITION DOSE RATE TIME
km (rem) (Ci-sec)/m3 (uci/m2) (rem/hr) Chour :min) _
0.030 4. 2E+01 B.6E-02 1.4E+04 4.3e-01 <00:01
0.100 1.BE+01 3.9e-02 5.8E+03 1.BE-01 <00:01
0. 200 7.6E+00 1.7e-02 2.5E+03 7.BE-02 <00:01

ol

4

Close the table to return to tReitput screen.
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UnderContour Plot® Computer DisplayselecfTEDE Contour Plot to view the dose
contouror Ground Deposition ContouPlot to view the ground deposition.

M Plume Contour - TEDE {rem) =10l x|
Print  Options  Scale

EotSpot Version 3.0 General Explosion Mar 01, 2013 09:44 N
Plume Contour - TEDE [rem)

f —— I e
L~ I
.1
.2
0.0 0.1 0.z 0.3 0.4 0.5 0.8 0.7 0.8 0.9
km
Inner: 25 rem (4E-03 kmZ) Middle: 5.0 rem (0.022 km2) OQuter: 2.0 rem (0.063 kmZ)
Source Material 1Co-60 w 5.271y
Haterial-at-Risk 12 .5000E+03 Ci Resp. Rel. Frac. :0.200
High Explosive :25.00 Pounds of TNT Debris Cloud Top 1170 m
u (h=10 m) :5.00 m/s
Stability Class :D (Sample Time: 10.00 min)
Deposition Velocity:0.3 crfs
Receptor Height 1.5 m

Inversion Layer Height :None

If the Compass option iselected, the actual plume direction is displayed.

P Plume Contour - TEDE (rem) ~=1ol x|
Print  Opfions  Seale

Flume Contour - TEDE [rem)

=

W /)

1.0 5w |0.8 ku 0.6 km [0.4 ko 0.2 b

]/

E]
Inner: 25 rem (4E-03 kmZ) Middle: 5.0 rem (0.021 km2j Cuter:

2.0 rem (0.063 km2)

UnderPlume Centerline PlotsselecfTEDE Graphto produce a graph displaying dose
as a function of plume centerline downwind distance.
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fiF Plume Centerline TEDE (rem), as a function of Downwind Distance _ o x|
Print  Options

HotZpot Version 3.0 General Explosion Mar 01, 2013 09:45 AM
Flume Centerline TEDE (remj, as & function of Downwind Distance
——— ——

1E+02

HotSpot als@rovides the option to producel&DE ContourFile, whichdisplays the
dose contour fileento geographical maps, obeposition Contour File which displays
ground deposition contosir

To display a geographical map witbntours for either depositiar dose contours, click
HotSpotMappingicon.

HotSpot Mapping

HotSpot

When the map is displayedhePlumesmenuselectionat the top left of thenap display
provides the option to display deposition consar dose contogron the map

Lat: 35.01054 Long: -106.44329
File GPS  Plumes

" e e L= !f:i

This capability is explained in detail in the Special Purpose Progaatien, starting on
page 553.
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File GPS Plumes

o—————z0oM hd o————— i zonyd

HotSpot 3.0 General Explosion Mar 01, 2013  09:49 AN
Release Location: 35.006300 deg (M) -106.430160 deg (W)

Inner: 25 rem (4E-03 kwZ) Middle: 5.0 rem (0.0Z1 km2)  Outer: 2.0 rem (0.063 km2)

HotSpot Contourmplotsd Mapping filesprovides the option to producef&DE Contour
File (.KLM) or DepositionContour File (.KLM), whichcanbe displayed in Googl¥
Earth.

— Contour Plots - Mapping Files
TEDE Contour File {.KML) |

Deposition Contour File {.KML) |

S

To display contours for either depositior dose contouiis the Google Earth
environmentclick the Google Earth icon, and select the desired .KML file. If Google
Earth is installed on your computer, HotSpot will automatically invoke Google Earth and
display the selected contour at the HotiStease location.

Click the fiContour Optionsodo box to change di
labels.The following example displays contours in Google Earth.
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“"Google

2.00E+00frem
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4. Atmospheric Dispersion Model Examples

This section contains examples for each ofHb&Spotdispersiormodels:(1) a plutonium

explosion (nomuclear), fire, and resuspensi@®) a uranium explosion (nenuclear), and fire(3)

a tritium releaseYou can enter the examples youfser simply load thescenariogrom the
HotSpotScenaridLibrary. To download the first Plutonium Explosion examplek theFile

option (upper left corner of HotSpot window), and se@géen ScenarioA folder name

Examplesand a file namedurrent.hotare displayed. The file namedrrent.hotis the currently

loaded scenario. Whenever HotSpot is terminated; the current scenario and all parameters are sav
in this file. Current.hotis automatically loaded when HotSpot isstarted, i.e., HotSpot resas

with the same scenario and parameters that were in effect when terminated.

¥ HotSpot Version 3.0

File | Help

Open Scenario | 1

" Save Scenario
Create Mixture

Du

Edit Mixture I_
Add To Mixture ey

Yiew Mixture 'I_‘

| *“ Plume Centerline ¢

P HotSpot Version 3.0 Friday, Ma _ o] x|
File  Help
i HotSpot Scenario Library Tl Output |
i Look in: [ ) Scensiia [ I e e
| | Examples J
4] Current hat
h |
n
KML)

1 File naie |

[EANEN

Filesoftype:  [Hotspot Scenario Fies

7
: dip
™ Default Source Location: Unknaown Release Location Site Met Data

Open theExamplesfolder and seleand operthe Plutonium Explosion.hotscenario
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HoltSpot Scenario Library File Name

Look in: I |59 Examples

=« ®eE

.i°| Acute PU-238 100% Lethality at 0.50 km.hot
i‘l General Explosion.hot
i‘| General Fire,hot
i‘l General Plume, hot
?‘al General Resuspension, hot
Plukonium
i‘| Plutoniurn Fire, hot
i‘l Plutonium Resuspension, hot
i‘l Tritium Release, hot
i‘l Uranium Explosion, hot
i‘l Uraniurn Fire,hat

File name: IPIutonium Explozion. hot

Files of type: Al Files [*hot)

[ Open as read-only

[
=

Open I
Cancel |

v
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Plutonium Explosion (non-nuclear) Example

Background

In OperationRoller Coaster, a series of exploshetease mitigation studies was carried out at the
Department of Energydés Nevada Test Site. One
explosive (nomuclear) release of plutoniu(@.081alphacuries/gramusing 113 Ibs. of high

explosive. The test was performed at 3ame,ut r a l i D 0 and theanind dpeett was @ | a s
meterspersecond at aeferenceheight of 10 meters. Compare tHetSpotestimates with the

actual test measurements. The experimensaltewere normalized to akllogram initial mass of
plutoniumof which 2®% was determined to be respirable (Dewatrt, et al., 198Py6 of the

plutonium was airborne

P HotSpot Version 3.0 oy (= B
File  Help
Models Source Term | Meteorology | Receptors | Setup | Output |
Model : | Plutonium Explosion

Radionuclide Material-at-Risk (MAR) —Damage Ratio (DR —
|7 |We.‘np0ns Grade Pu ’] 1 kg —‘ 1.000
Leakpath Factor ———
Deposition “elocity Specific Activity I 1.000
ﬁ 0.30 cm/sec —‘ﬁ 8.10E-02 Ci/y
High Explosive —
I 13 1b
Airborne Fraction (ARF) —‘

I 1.00E-+10

I 2.00E-01

—Respirable Fraction (RF) —‘
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The following assumptions are asfer this example:

Radionuclide:WeaponsGrade Pu

Material at Riskd kg (normalized)
Damage Ratio: 1.000

Leakpath Factor: 1.000

Respirable Deposition Velocity: 0.30 craés
Airborne Fraction: 1.000 + 00

Respirable Fraction: 0.2@901

Respirable Release Fraction0@E-01
Specific Activity: 8.10E02 Ci/g

High Explosive: 113bs. TNT

| P HotSpot Version 3 _ o] x|
| File  Help
Models | Source Term Meteorology | Receptors | Setup | Output |
10-rneter Wind Speed Selected Stability Class
6.00 m/s ™ Display Wind Chart ’V D —‘
WYind Direction
210 Wind from the West

i Atmospheric Stability
Enter Solar Information - or - Enter the Actual Stability

 Sun High in the sky A Wery unstable

" Sun Low in the sky or cloudy B - Moderately unstable

& Might  C - Slightly unstable
D - Meutral

 E - Slightly stable
 F - Moderately stable
i~ G - Special nighttime {low wind)

10-meterWind Speed: 6.0 m/s
AtmosphericStability Class: D

The setup data for this example are as foll@®reund shine and resuspension were not checked,
since the timentegrated air data only includedeasurements during plume passage.
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M7 Hotspot Version 3.0 Fi N=F3
|
| File Help

Models | Source Term| Meteorology | Receptors Setup | OQutput |

|~ Tetrain Radiological Units Distance Units —
|| & Standard - Conservative Option # Classic (rem, rad, Ci) & Ietric
 City : Large Metropolitan Area ¢ 3l (Sievert, Gray, By © English

I it B Risaglrese Explosion Model AF Distribution

YWind Ref Height Sample Time Source Geometry User-input Yertical AF Distribution
’7 | 10 meters —‘ ’71D min —‘ & Simple ™ Change/view AF Distribution
£ Complex

Mixing Layer ——————————————
I Enable Inversion DCF Library
FFGR11  C FGRI13 © Acute (30-days)

[~ Ground Shine & Resuspension

: . Breathing Rate
™ Include Ground Shine (¥Weathering Carrection Factar : None) lm
I Include Resuspension [Resuspension Factor @ WASH 1400 NUREG-7S/01
Haldup Time
(D min

~ Contour Yalues Mor-respirable Deposition Yelocity
TEDE (rem| Deposition (uCi/m2| ’7 IB cmisec
Iriner |5.00 Inner 1.00

Middle |2 oo hliddle 0.50 Wt Deposition
Cuter |1_gg Outer 010 ™ Enable Rainout

@ uCiim2 € dpm/(100 cm2
& ( ) Return to Original Defaults

The resultgor this example are as follows. The International Association of Bomb Technicians and
Investigators (IABTI), blast safe distances are also output.

HotSpot Version 3.0 Plutonium Explosion

Source Material : Weapons Grade Pu
Material - at - Risk (MAR) :1Kkg

Damage Ratio (DR) :1.00

Airborne Fraction (ARF) :1.000

Respirable Fraction (RF) :0.200

Leakpath Factor (LPF) :1.000

Respirable Source Term  : 1.62E+01 Ci
Non- respirable Source Term : 6.48E+01 Ci

Specific Activity : 8.10E -02 Cilg
Wind Speed (h=10 m) :6.00 m/s
High Explosive :113.00 Pounds of TNT
Debris Cloud Top 1248 m
Church Cloud Height CF  : 1.0000
h(5) AF Fraction 1 0.2000
h(4) AF Fraction :0.3500
h(3) AF Fraction :0.2500
h(2) AF Fraction :0.1600
h(1) AF Fraction :0.0400
UNMITIGATED BLAST DAMAGE
IABTI safe distance 1431 m (1414 ft)
Onset of shattered glass due to blast (0.5 psi): 106 m - 135m (349 ft - 444 1t)
Eardrum ruptures and incapacitation (5psi): 21 m - 33m (69 ft - 110 ft)
Lung damage and complete incapacitation (10 psi): 14 m - 22m (48 ft - 73ft)
Onset of  lethality (25 psi): 9.4 m - 15m (311t - 48 ft)
Fatalities in over 99% of population (100 psi): 5.1 m - 87m (171t - 28ft)
Note: minimum range corresponds to side - on pressure and maximum range
corresponds to reflecte d overpressure generated using

Sandia National Laboratories BLAST model.

Stability Class :D

Respirable Dep. Vel. :0.30 cm/s

Non- respirable Dep. Vel. :8.00 cm/s

Receptor Height :1.5m

Inversion Layer Height  : None

Sample Time :10.000 min

Breathing Rate :3.33E - 04 m3/sec

Distance Coordinates : All distances are on the Plume Centerline
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Maximum Dose Distance
MAXIMUM TEDE

Inner  Contour Do se

Middle Contour Dose

Outer Contour Dose

Exceeds Inner Dose Out To
Exceeds Middle Dose Out To
Exceeds Outer Dose Out To

FGR 11 Dose Conversion Data

DISTANCE TEDE TIME

:0.010 km
164 rem
:5.0rem
:2.0rem
:1.0rem
:0.48 km

: 1.8 km

1 4.5 km

- Total Effecti ve Dose Equivalent (TEDE)
RESPIRABLE

-INTEGRATED GROUND SURFACE ARRIVAL
AIR CONCENTRATION DEPOSITION TIME

km (rem) (Ci - sec)/m3 (uCi/m2)  (hour:min)
0.030 5.3E+01 5.2E -04 1.7E+02 <00:01
0.100 2.9E+01 2.8E -04 8.8E+01 <00:01
0.200 1.4E+01 1.4E -04 4.1E+01 <00:01

0.300 8.6E+00 8.4E
0.400 6.1E+00 5.9E
0.500 4.8E+00 4.7E
0.600 4.1E+00 4.0E
0.700 3.8E+00 3.7E
0.800 3.5E+00 3.4E
0.900 3.2E+00 3.1E
1.000 3.0E+00 2.9E
2.000 1.9E+00 1.8E

4.000 1.1E+00
6.000 7.8E -01
8.000 6.0E -01
10.000 4.9E -01
20.000 2.5E -01
40.000 1.2E -01
60.000 8.0E -02
80.000 5.9E -02

-05 2.4E+01 <00:01
-05 1.7E+01 <00:01
-05 1.3E+01 <00:01
-05 1.1E+01 00:01
- 05 9.9E+00 00:01
- 05 9.2E+00 00:01
- 05 8.5E+00 00:01
- 05 8.0E+00 00:01
- 05 4.8E+00 00:03

1.1E -05 2.7E+00 00:07

7.6E -06 1.8E+00 00:10

5.9E -06 1.3E+00 00:14

4.8E - 06 1.0E+00 00:17
2.4E - 06 3.9E -01 00:35

1.2E -06 1.2E -01 01:10

7.8E -07 5.5E -02 01:46

5.8E -07 3.1E -02 02:21

As shown in Figures 1 and RetHotSpotestimates agree well with the measuredgraited air
concentratiorand ground deposition measuremeifitge timeintegrated air concentratiaata were
converted tdmicrogramsec)/ni using a specific activity of 0.081 curies per gram (same as the
value used in the source ternmijhe nonrespirable timeantegrated air concentration is output in the
table by checkinghe Append QC Data&ox.

—Text Files

Table Output

Save Table Output
View Saved Table Output Files

& Plume Centerling ¢ Compass
™ Display All TEDE Companents

™ Include All Organ Data

™ Include Organs Exceeding 60 rem
¥ Append QC Data

Example: Integrated concentration for comparison with experimental results shown in Figurel.
Total Time integrated concentration at a downwind centerline distance of 1 km is,
CHlrota = CHIRespirabIe+ CH|NQn_respirab|e: 2.9 EO5 (Ci—SEC)/n?+ 9.9 EO5 (Ci-sec)/m3

CHlroa = 1.3 E04 (Cisec)/ M

CHlro = 1.3 E04 (Cisec)/ mi+ 8.1 EO8 Ci/ug =1.6 E+(8 (ug-s)/nm?

Example: Deposition for comparison with experimental results shown in Figure 2.
Deposition at a downwind centerline distance of likm
Deposition = 8.0 E+00 uCi/m2 + 8.:@ uCi/ pg = 9.9 E+QL pug/m?
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10000

1000

[ugr= Y3

Double Tracks
1.0 kg Phatoniurm |, O Stabilty, u(10m]= & mé&
Explosive Release [1131bs HE)]
Integrated Air Concertration

1
aa 1 10 100 1000
|Bowrwind Centerine Distanee fkm |
Figure 1. Double Tracks i air concentration (microgram-seconds per
cubic meter; Total plutonium (respirable + non-respirable)
Double Tracks
1.0kg Plutonium , D 5t bility, u[10m} = & mis
Explosive Release (113 IbsHE)
Ground Deposition
1.0E+05
1.0E+04
E 1.0E+03
1.0E+02
1.0E+01
1.0E+00
0.01 0.1 1 10 100

[Downwind Centerine Distnce (km)|

Figure 2. Double Tracks i ground deposition (micrograms per square meter)

Gu i d.eAtmospheric Dispersion Model Examples
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Plutonium Fire Example

A plutonium fire containing three kilograms of weapanade plutonium and 30 gallons of fuel has
burned for a total of5 minutes. The effective radius of the fire zone isridles. The sun has set,
the wind speed (at reference height di0-metes), is 5 m/sec and the temperature is 20°C. &/se
airbornefraction of 0.01 and a respirable fraction of 0.05 which results in a respirable release
fraction of5.0x10.

1. Estimate th&lose commitmertb individuals remaining downwind throughout the entire
fire due to passage of the plume

2. How far downwind does thE00 mremTEDE contourextenc®

¥ HotSpot Version - O] x|
File  Help
Models Source Term | Meteorology | Receptors | Setup | Output |
Model : | Plutonium Fire
Radionuclide Mlaterial-at-Risk (MAR) Damage Ratio (DR)
’7 |We.1|)0ns Grade Pu ’] Jky —‘ ’] 1.000 —‘

Leakpath Factar
Deposition Yelocity Specific Actity I 1.000
’V 0.30 emisec —”VI §.10E02 Cify

Aitborne Fraction (ARF)
1.00E-02

Respirable Fraction (RF)
I 5.00E-02
Fusl Fire Information

€ Enter Cloud Top Fuel Yaolurme Release Radius Air Termp
" Enter Heat Emission Rate ’]30 gal ’V fiom —‘ ’7 fodegc
& Enter Fuel and Burn duratio
Heat of Combustion
Physical Height of the Fira EIW [12000 calrg
" IEY—“i— " min

The following assumptions are used for this example:
Radionuclide: Weapons Grade Pu
Material at Risk: 3 kg

Damage Ratio: 1.000

Leakpath Factor: 1.000

Respirable DepositionVelocity: 0.30 cm/s
Airborne Fraction: 1.0082

Respirable Fraction: 5.00&2

Respirable Release Fraction: 5.004
Specific Activity: 8.10E02 Ci/g

Fuel Volume: 30.®al

Fire (Burn) Duration: & min

Release Radius: 10.0 m

Physical Height of Fire: 0 m
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10-meterheightwind speed 5.0 m/s
SolarCondition:Night (Stability Class D)

Return to Original Defauts
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File Edit Format “iew Help

=1o] x|

HotSpot

Mar 01, 2013 10:12 AM

source Material

Respirable Source Term

specific Activity

Sample Time
Breathing Rate
pistance Coordinates

Non-respirable Source Term

version 3.0 Plutonium Fire

Material-at-risk (MAR) 3 kg
Damage Ratio (DR) 1.00
Airborne Fraction C(ARF) 1.00E-02
ResEirab1e Fraction (RF) 5.00E-02
Lea Eath Factor (LPF) 1.000

1.22e-01 Ci
2.31E+00 Ci
8.10E-02 Ci/fqg

Fuel 30 gal
Fire puration 15 min
Release Radius 10 m
Physical Height of Fire om
Effective Release Height 34 m
wind speed (h=10 m) 5.00 mfs
Avg wind speed (h=H-eff) 6.02 m/s
Stabi1it¥ Class D
Respirable pep. vel. 0.30 cm/=s
Non-respirable Dep. wvel. 8.00 cm/=s
Receptor Height 1.5 m
Inversion Layer Height None

10.000 min

Maximum Dose Distance : 0.39 km
MAXIMUM TEDE 0,251 rem
Inner Contour Dose : 0,100 rem
Middle Contour Dose : 0.050 rem
outer Contour Dose : 0.030 rem
Exceeds Inner Dose out To : 1.3 km
Exceeds Middle pose out To :© 2.3 km
Exceeds Oouter Dose Out To : 2.2 km

weapons Grade Pu

3.33e-04 m3/sec
All distances are on the Plume Centerline

FGR-11 Dose Conversion Data — Total Effective Dose Equivalent (TEDE)

|

RESPIRABLE
DISTANCE TEUDE TIME-INTEGRATED GROUND SURFACE ARRIVAL
AIR CONCENTRATION DEPOSITION TIME

km (rem) (Ci-sec)/m3 (uci/m2) Chour:min)
0.020 2.0E-04 1.9E-09 2.0E-03 <00:01
0.100 2.60E-02 2.9%E-07 3.5E-01 <00:01
0.200 1.5E-01 1.5E-06 2.2E+00 <00:01
0.300 2.3E-01 2.3E-06 3.4E+00 <00:01
0.400 2.5E-01 2.4E-06 3.6E+00 00:01
0.500 2.4e-01 2.3E-06 3.4E+00 00:01
0.600 2.2E-01 2.1E-06 3.0E+00 00:01
0.700 1.9e-01 1.9E-06 2.6E+00 00:01
0. 800 1.7e-01 1.7E-06 2.3E+00 00:02
0.900 1.5E-01 1.5E-06 2.1E+00 00:02
1.000 1.4e-01 1.4E-06 1. 8E+00 00:02
2.000 6. 0E-02 5.BE-07 6.6E-01 00:05
4.000 2.4E-02 2.3E-07 2.1E-01 00:11
6.000 1.4e-02 1.4e-07 9. 9E-02 00:16
8.000 9_6E-03 9_3E-08 5.9E-02 o0:22
10.000 7.2E-03 7.0E-08 4_0E-02 00:27
20.000 3.1E-03 3.0E-08 9.3E-03 00:55
40.000 1.4e-03 1.3E-08 1.9E-03 01:50
60.000 B.5E-04 B.3E-09 6.3E-04 0Z2:406
80.000 6.2E-04 6. 0E-09 3.0E-04 03:41

o

As shown in the above text output, the Inner ConBasevalueof 0.100rem (100 mrem) extends
out to a distance df.3 km. This is also shown in tfi@lowing TEDE contour plot.

4-10
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Plutonium Resuspension Example

Estimate th@ EDE ratesi.e.,dose commitmerger hour of downwind exposur®, individuals
downwind from awo-weekold plutonium contamination event. Most of the plutonium is
contained in an area with an effective radius of i@ers The average contamination level is
150uCi/m?. It is nighttimeand thewind speeds 1 m/sec (a10-meterreferenceneighy.

ns Grade Pu

[{ e ome | [om
=TT

’7 14 day

[3.8E-06  1/m

Return to Original Defaults
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HotSpot Version 3.0 Plutonium Resuspension

(Resuspension Factor : Maxwell - Anspaugh)
Source Material : Weapons Grade Pu

Source Term : 1.50E+02 uCi/m2
Resuspension Factor : 3.8E-06 1/m
Effective Release Radius : 100 m

Effective Source Term  : 5.6E -07 Cils
Contamination Age : 14 day

Wind Speed (h=10 m) :1.00 m/s
Surface Wind Speed (h=2 m) : 0.41 m/s

Stability Class ' F

Respirable Dep. Vel. :0.30 cm/s

Receptor Height :15m

Inversion Layer Height : None

Sample Time : 60.000 min

Breathing Rate :3.33E - 04 m3/sec

Distance Coordinates . All distances are on the Plume Centerline

Maximum Dos e Distance :0.010 km

MAXIMUM TEDE :0.141 rem
Inner  Contour Dose 1 0.500 rem
Middle Contour Dose :0.100 rem
Outer Contour Dose 1 0.050 rem
Exceeds Inner Dose Out To : Not Exceeded
Exceeds Middle Dose Out To : 0.025 km
Exceeds Outer Dose Out To :0.12 km
FGR 11 Dose Conversion Data - Total Effective Dose Equivalent (TEDE)
DISTANCE TEDE AVERAGE
PER 1- HR EXPOSURE TIME AIR CONCENTRATION
km (re m) (Cilm3)
0.030 9.3E -02 2.5E -10
0.100 5.6E -02 1.5E -10
0.200 3.9E -02 1.0E -10
0.300 3.0E - 02 8.2E -11
0.400 2.4E -02 6.6E -11
0.500 2.0E -02 5.5E -11
0.600 1.7E -02 4.7E -11
0.700 1.5E -02 4.1E -11
0.800 1.3E -02 3.6E -11
0.900 1.2E -02 3.2E -11
1.000 1.0E -02 2.8E -11
2.000 4.2E -03 1.1E -11
4.000 1.4E -03 3.9E -12
6.000 6.9E -04 1.9E -12
8.000 4.1E -04 1.1E -12
10.000 2.8E -04 7.6E -13
20.000 3.3E -05 8.8E - 14
40.000 1.3E - 06 3.5E -15
60.000 7.6E -08 2.1E -16
80.000 1.0E -08 2.8E -17

4-13
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Uranium Explosion Example

Three kilograms of weaposggade uraniung90% U235, 10% U238), areinvolved in a non

nuclear detonation of 4@s. of high explosive. The sun is low in the sky and the wind speed is

1 m/sec at a measurement height of 10 mefessume 100% of the uraniumagborneand 20% is
respirable Estimate the ground carhination and 5§¢ear CEDESs as a function of downwind
centerline distancés is typical inan explosive release scenatitre DamageRatio and Leakpath

Factor are botli.000 Since we are only interested in centerline dose and deposition estimates, the
azimuth of thewind direction is not required

’7 1.000

3 ’7 1.000
’7 0.30 cmisec ’7 6.21E-05 Cifg

r~ ’7 4.00E+01 |k
i+

’7 1.00E+10 ’7
Il
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1.00E-03
0.00E-04
5.00E-04

Return to Original Defautts
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HotSpot Version 3.0 Uranium Explosion

Source Material : Uranium

Material - at - Risk (MAR) : 3 kg

Airborne Fraction (ARF) :1.000

Respirable Fraction (RF) :0.200

Respirable Source Term  : 3.73E -02Ci
Non- respirable Source Term : 1.49E -01Ci
Specific Activity 1 6.21E - 05 Ci/g 90.000 %
Wind Speed (h=10 m) :1.00 m/s

High Explosive : 40.00 Pounds of TNT
Debris Cloud Top :191m

Church Cloud Height CF : 1.0000

h(5) AF Fraction :0.2000

h(4) AF Fraction :0.3500

h(3) AF Fraction :0.2500

h(2) AF Fraction :0.1600

h(1) AF Fraction : 0.0400

UNMITIGATED BLAST DAMAGE
IABTI safe di stance 1 305 m (1000 ft)
Onset of shattered glass due to blast (0.5 psi): 75 m - 96m (247 ft
Eardrum ruptures and incapacitation (5 psi): 15m - 24m (49 ft
Lung damage and complete incapacitation (10 psi): 10m - 16m (34ft
Onset of lethality (25 psi): 6.6 m - 10m (221t
Fatalities in over 99% of population (100 psi): 3.6 m - 6.1m (12 ft
Note: minimum range corresponds to side - on pressu re and maximum range
corresponds to reflected overpressure generated using
Sandia National Laboratories BLAST model.

Stability Class 'B
Respirable Dep. Vel. 1 0.30 cm/s
Non- respirable Dep. Vel. :8.00 cm/s

Receptor Height :15m

Inversion Layer Height : None

Sample Time :10.000 min

Breathing Rate : 3.33E - 04 m3/sec

Distance Coordinates : All distances are on the Plume Centerline

Maximum Dose Distance :0.010 km

MAXIMW TEDE :0.451 rem

Inner Contour Dose : 1.00E -03rem
Middle Contour Dose : 8.00E - 04 rem
Outer Contour Dose : 5.00E -04 rem

Exceeds Inner Dose Out To : 4.7 km
Exceeds Middle Dose Out To : 5.3 km
Exceeds Outer Dose Out To: 7.0 km

FGR 11 Dose Conversion Data - Total Effective Dose Equivalent (TEDE)
RESPIRABLE
DISTANCE TEDE TIME - INTEGRATED GROUND SURFACE ARRIVAL
AIR CONCENTRATION DEPOSITION TIME
km (rem) (Ci - sec)/m3 (uCi/m2)  (hour:min)

0.030 2.2E -01 5.6E - 06 2.1E+00 <00:01
0.100 6.7E -02 1.7E - 06 4.9E -01 00:01
0.200 4.9E -02 1.2E - 06 3.4E -01 00:02
0.300 3.9E -02 9.8E -07 2.7E -01 00:04
0.400 3.2E - 02 8.0E -07 2.1E -01 00:05
0.500 2.6E -02 6.7E -07 1.7E -01 00:06
0.600 2.2E -02 5.6E -07 1.4E -01 00:08
0.700 1.9E -02 4.8E -07 1.2E -01 00:09
0.800 1.6E -02 4.1E -07 1.0E -01 00:11
0.900 1.4E -02 3.5E -07 8.5E -02 00:12
1.000 1.2E -02 3.1E -07 7.4E -02 00:13
2.000 4.3E -03 1.1E -07 2.0E -02 00:27
4.000 1.3E -03 3.4E -08 4.9E -03 00:55
6.000 6.6E -04 1.7E -08 2.0E -03 01:22
8.000 4.0E -04 1.0E -08 1.1E - 03 01:50

10.000 2.7E -04 6.9E -09 6.8E -04 02:17

20.000 8.4E -05 2.1E -09 1.6E -04 04:35

40.000 2.7E -05 6.9E -10 3.8E - 05 09:10

60.000 1.4E - 05 3.6E -10 1.7E - 05 13:46

80.000 9.0E - 06 2.3E -10 9.6E - 06 18:21

314 ft)
78 ft)
51 ft)
34 ft)
- 20t
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Uranium Fire Example

100kilograms ofLEU uranium (5% U235, 95% U238), used in angotopeseparation experiment
isinvolved ina significant building fire (heat emission = 1 E+07 calories/sec, effective radius of
building fire is 50m). The sun has sehe wind speed is approximately 11 m/sec (atiEder
reference heightand the ambient air temperature is 20°C. The nearespieal location is at a
downwind distance of 0.km. What is the maximum expect&&DE for this location?Since we

are only interested in the centerline dose, the azimuth of the wind direction is not required.

[ [ ok otom

1 0oo
D 30 cmifsec 239E-06 le’g

QQ

5 O0E-02

| [ B sosc
[ roerear
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5.00E-06
2.00E-06
1.00E-06
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HotSpot Version 3.0 Uranium Fire

Source Material : Uranium
Material - at - Risk (MAR) :100 kg
Damage Ratio (DR) :1.00

Airborne Fraction (ARF) :5.00E -02

Respirable Fraction (RF) : 5.00E -02

Leakpath Factor (LPF) :1.000

Respirable Source T erm :5.98E -04Ci

Non- respirable Source Term : 1.14E -02Ci

Specific Activity 1 2.39E - 06 Ci/g 5.000 %
Heat Emission : 1.00E+07 calls

Release Radius :50.0m

Physical Height of Fire :0m

Effective Release Height : 31m

Wind Speed (h=10 m) :11.00 m/s
Avg Wind Speed (h=H -eff) :13.04 m/s

Stability Class :D

Respirable Dep. Vel. :0.30 cm/s

Non- respirable Dep. Vel. :8.00 cm/s

Receptor Height :15m

Inversion Layer Height : None

Sample Time :10.000 min

Breathing Rate :3.33E - 04 m3/sec

Distance Coordinates : All distances are on the Plume Centerline

Maximum Dose Distance :0.010 km

MAXIMUM TEDE 1 4.14E - 04 rem
Inner Con tour Dose . 5.00E - 06 rem
Middle Contour Dose : 2.00E - 06 rem
Outer Contour Dose 1 1.00E - 06 rem

Exceeds Inner Dose Out To : 12 km
Exceeds Middle Dose Out To : 26 km
Exceeds Outer Dose Out To : 48 km

FGR 11 Dose Conversion Da ta - Total Effective Dose Equivalent (TEDE)

RESPIRABLE
DISTANCE TEDE TIME - INTEGRATED GROUND SURFACE ARRIVAL
AIR CONCENTRATION DEPOSITION TIME
km (rem) (Ci - sec)/m3 (uCi/m2)  (hour:min)
0.030 4.0E -04 1.0E -08 1.5E -02 <00:01
0.100 3.4E -04 8.6E -09 1.3E -02 <00:0
0.200 2.8E -04 7.0E -09 1.1E -02 <00:01
0.300 2.3E -04 5.9E -09 8.9E -03 <00:01
0.400 2.0E -04 5.0E -09 7.5E -03 <00:01
0.500 1.7E -04 4.3E -09 6.3E -03 <00:01
0.600 1.5E -04 3.7E -09 5.5E -03 <00:01
0.700 1.3E -04 3.3E -09 4.8E -03 <00:01
0.800 1.2E -04 2.9E -09 4.2E - 03 00:01
0.900 1.0E -04 2.6E -09 3.8E -03 00:01
1.000 9.4E -05 24E -09 3.4E -03 00:01
2.000 4.4E -05 1.1E -09 1.5E -03 00:02
4.000 1.9E - 05 4.9E -10 5.7E -04 00:05
6.000 1.2E -05 2.9E -10 3.1E -04 00:07
8.000 8.1E -06 2.1E -10 2.1E -04 00:10
10.000 6.2E -06 1.6E -10 1.5E -04 00:12
20.000 2.7E - 06 6.9E -11 4.9E - 05 00:25
40.000 1.2E - 06 3.1E -11 1.5E - 05 00:51
60.000 7.9E -07 2.0E -11 7.4E -06 01:16
80.000 5.7E -07 1.5E -11 4.4E - 06 01:42
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Tritium Release Example

30,000 cuies oftritium oxide HTO) are released from a 3f@eter staclover a 18minute time
period Use a deposition velocity of 0 cm/sec for the HT@®e wind speed is 1 m/sec (ati@ter
reference height The sun is low in the sky. What distance is associated with the maximyeab0
CEDE to an individual remaining at this location throughmumepassage?

Tmlum 3 O000E-+04 Ci 1 ooo
1DD Y 1 0oo
El 00 cmisec

1.00E-+10
1.00E+HI0

I ioms | T
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Return to Original Defaults

Plume CenterlinTEDE) rem as a Function of Downwind Distance

[,

4

A
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HotSpot Version 3.0 Tritium Release

Source Material : Tritium

Material - at - Risk (MAR) :3.0000E+04 Ci 100 % Tritium Oxide
Damage Ratio (DR) :1.00

Airborne Fraction (ARF) :1.000

Respirable Fraction (RF) :1.000

Leakpath Factor (LPF) :1.000

Respirable Source Term  : 3.00E+04 Ci

Non- respirable Source Term : 0.00E+00 Ci

Effective Release Height : 30 m

Wind Speed (h=10 m) :1.00 m/s

Wind Speed (h=H - eff) :1.08 m/s

Stability Class :B

Respirable Dep. Vel. :0.00 cm/s

Non- respirable Dep. Vel. :8.00 cm/s

Receptor Height :1.5m

Inversion Layer Height : None

Sample Time :10.000 min

Breathing Rate :3.33E -04 m3/sec

Distance Coordinates . All distances are on the Plume Centerline

Maximum Dose Distance  :0.18 km

MAXIMUM TEDE :0.176 rem
Inner Contour Dose :0.100 rem
Middle Contour Dose :0.080 rem
Outer Contour Dose 1 0.050 rem

Exceeds Inner Dose Out To : 0.34 km
Exceeds Middle Dose Out To : 0.39 km
Exceeds Outer Dose Out To : 0.51 km

FGR 11 Dose Conversion Data - Total Effective Dose Equivalent (TEDE)
Note: Dose Results Include HTO S kin Absorption
RESPIRABLE
DISTANCE TEDE TIME - INTEGRATED ARRIVAL TIME
AIR CONCENTRATION
km (rem) (Ci - sec)/m3 (hour:min)
0.030 2.0E -13 6.3E -12 <00:01
0.100 6.8E - 02 2.1E+00 00:01
0.200 1.7E -01 5.3E+00 00:03
0.300 1.2E-01 3.7E+00 00:04
0.400 7.7E -02 2.4E+00 00:06
0.500 5.3E -02 1.7E+00 00:07
0.600 3.9E -02 1.2E+00 00:09
0.700 2.9E -02 9.1E -01 00:10
0.800 2.3E -02 7.1E -01 00:12
0.900 1.8E -02 5.7E -01 00:13
1.000 1.5E - 02 4.7E -01 00:15
2.000 4.0E -03 1.3E-01 00:30
4.000 1.1E -03 3.4E -02 01:01
6.000 5.2E -04 1.6E -02 01:32
8.000 3.1E -04 9.6E -03 02:03
10.000 2.1E -04 6.5E -03 02:34
20.000 6.4E -05 2.0E -03 05:08
40.000 2.1E - 05 6.4E -04 10:17
60.000 1.1E -05 3.4E -04 15:25
80.000 6.9E - 06 2.2E -04 20 34
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General Explosion Example

A vehicletransportinga liquid solution containin§0 curies of4131, is involved in a severe

accident that results in the detonation of the gas tank. The wind is from the west at 2 meters per
second &t al0-meterreference heighton a cloudy day. Assueri00% of the 1131 becomes
airborne, and that 100% of the airborne material is respirables typical in an explosive

release scenario, the Damage Ratio and Leakpath Factor are bothBs®@te the 5§ear

CEDE as a function of downwind centerline distance from the accident scene.iNeteénete

of the TNT equivalent of an exploding vehicle gas tank is 1 Ib.

’7 1131 D 8.04d ’7 3.0000EHN Ci ’7 1.000

Change Radionuclide Source Term

=

1.00E-+10
1.00E+00
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5.00E-03
2.00E-03
1.00E-03

Return to Original Detaultts
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HotSpot Version 3.0 General Explosion

Source Material . -131 D 8.04d
Material - at - Risk (MAR) :3.0000E+01 Ci

Damage Ratio (DR) :1.00

Airborne Fraction (ARF) :1.000

Respirable Fraction (RF) : 1.000

Leakpath Factor (LPF) :1.000

Respirable Source Term  : 3.00E+01 Ci

Non- respirable Source Term : 0.00E+00 Ci

Wind Speed (h=10 m) :2.00 m/s

High Explosive :1.00 Pounds of TNT
Debris Cloud Top 176 m

Church Cloud Height CF : 1.0000

h(5) AF Fraction :0.2000

h(4) AF Fraction :0.3500

h(3) AF F raction :0.2500

h(2) AF Fraction :0.1600

h(1) AF Fraction :0.0400

UNMITIGATED BLAST DAMAGE

IABTI safe distance 1274 m (900 ft)

Onset of shattered glass due to blast (0.5 psi): 22 m

Eardrum ruptures and incapacitation (5 psi): 4.4 m

Lung damage and complete incapacitation (10 psi) : 3.0 m

Onset of lethality (25psi): 1.9m

Fatalities in over 99% of population (100 psi): 1.0 m

Note: minimum range corresponds to side
corresponds to reflected overpressure generated using
Sandia National Laborato ries BLAST model.

Stability Class 'B

Respirable Dep. Vel. :0.30 cm/s

Non- respirable Dep. Vel. :8.00 cm/s

Receptor Height :15m

Inversion Layer Height : None

Sample Time :10.000 min

Breathing Rate :3.33E - 04 m3/sec

Distance Coordinates : All distances are on the Plume Centerline

Maximum Dose Distance :0.010 km

MAXIMUM TEDE :0.333 rem

Inner Contour Dose : 5.00E -03rem
Middle Contour Dose : 2.00E -03rem
Outer Contour Dose : 1.00E -03rem

Exceeds Inner Dose Out To : 0.59 km
Exceeds Middle Dose Out To : 1.0 km
Exceeds Outer Dose Out To : 1.5 km

FGR 11 Dose Conversion Data

RESPIRABLE
DISTANCE TEDE TIME

AIR CONCENTRATION DEPOSITION

28m ( 72t -
- 6.9m (141t
- 46m (9.91
- 30m (641t
- 1.8m (341t

- on pressure and maximum range

- Total Effective Dose Equivalent (TEDE)

92 i)
- 23t

- 15ff)

- 9.9

- 5.9ff)

-INTEGRATED GROUND SURFACE GROUND SHINE ARRIVAL

DOSE RATE TIME

km (rem) (Ci - sec)/m3 (uCi/m2) (rem/hr)  (hour:min)
0.030 1.8E -01 1.6E -02 4.9E+01 2.5E -04 <00:01
0.100 4.7E -02 4.3E -03 1.3E+ 01 6.4E -05 <00:01
0.200 2.0E -02 1.8E -03 5.4E+00 2.7E -05 00:01
0.300 1.3E -02 1.2E -03 3.5E+00 1.7E -05 00:02
0.400 8.9E -03 8.1E -04 2.4E+00 1.2E -05 00:02
0.500 6.5E -03 5.9E -04 1.8E+00 8.8E - 06 00:03
0.600 4.9E -03 4.5E -04 1.3E+00 6.7E - 06 00:04
0.700 3.9E -03 3.5E -04 1.0E+00 5.3E - 06 00:05
0.800 3.1E -03 2.8E -04 8.4E -01 4.2E - 06 00:05
0.900 2.5E -03 2.3E -04 6.9E -01 3.5E - 06 00:06
1.000 2.1E -03 1.9E -04 5.8E -01 2.9E - 06 00:07
2.000 6.2E -04 5.6E - 05 1.7E -01 8.4E -07 00:14
4.000 1.7E -04 1.6E -05 4.7E -02 2.4E -07 0 0:29
6.000 8.4E -05 7.6E - 06 2.3E -02 1.1E -07 00:44
8.000 5.0E -05 4.5E - 06 1.4E -02 6.8E -08 00:58
10.000 3.4E -05 3.1E - 06 9.2E -03 4.6E -08 01:13
20.000 1.0E -05 9.4E -07 2.8E -03 1.4E -08 02:26
40.000 3.3E - 06 3.0E -07 9.0E -04 4.5E -09 04:53
60.000 1.7E - 06 1.6E -07 4.7E -04 2.3E -09 07:20
80.000 1.1E - 06 9.8E -08 2.9E -04 1.5E -09 09:47
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General Fire Example

Fifty curies of Am241 are involved in a laboratory firAssume o containment and the Airborne
and Respirable Fractions ae0land).05,respectivelyThe effective radius of the fire is 20
meters. The sun is low in the sky, and the wind spaeal(0-meterreference heightis 4 meters
per second. The observed cloud top of the plume is approximately 20 meters abovenithe grou
Estimate the ground contamination arteDEs as a function of downwind centerline distance.

[Am-241 W 432.2y ’7 5.0000E+01 Ci ’7 1.000
Change Radienuclide Source Term

’7 0.30 cmisec

o ’7 1.000
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5 00E-03
2 00E-03
1.00E-03
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HotSpot Version 3.0 General Fire

Source Material :Am -241 W 4322y
Material - at - Risk (MAR) :5.0000E+01 Ci

Damage Ratio (DR) :1.00
Airborne Fraction (ARF) :1.00E
Respirable Fraction (RF) : 5.00E
Leakpath Factor (LPF) :1.000
Respirable Source Term : 2.50E

Non- respirable Source Term : 4.75E
Release Radius :20.0m

Physical He ightof Fire :0m
Effective Release Height : 14 m

Wind Speed (h=10 m) :5.00 m/s

Avg Wind Speed (h=H -eff) :5.12m/s
Stability Class :B
Respirable Dep. Vel.
Non- respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time
Breathing Rate
Distance Coordinates

-02
-02

-02Ci
-01Ci

:0.30 cm/s
1 8.00 cm/s
:15m
: None
:10.000 min
:3.33E - 04 m3/sec
. All distances are on the Plume Centerline

Maximum Dose Distance :0.010 km

MAXIMUM TEDE :0.807 rem

Inner Contour Dose 1 5.00E -03rem
Middle Contour Dose : 2.00E -03rem
Outer Contour Dose . 1.00E -03rem

Exceeds Inner Dose Out To : 1.5 km
Exceeds Middle Dose Out To : 2.5 km
Exceeds Outer Dose Out To : 3.6 km

FGR 11 Dose Conversion Data - Total Effective Dose Equivalent (TEDE)

2:10

RESPIRABLE
DISTANCE TEDE TIME - INTEGRATED GROUND SURFACE GROUND SHINE ARRIVAL
AIR CONCENTRATION DEPOSITION DOSE RATE TIME
km (rem) (Ci - sec)/m3 (uCi/m2) (rem/hr)  (hour:min)
0.030 6.7E -01 4.5E - 06 7.4E+00 2.7E -06 <00:01
0.100 3.3E -01 2.2E - 06 3.3E+00 1.2E - 06 <00:01
0.200 1.5E -01 1.0E - 06 1.4E+00 5.2E -07 <00:01
0.300 8.3E -02 5.6E -07 7.7E -01 2.8E -07 <00:01
0.400 5.3E -02 3.6E -07 4.7E -01 1.7E -07 00:01
0.500 3.6E -02 2.5E -07 3.2E -01 1.2E -07 00:01
0.600 2.7E - 02 1.8E -07 2.3E -01 8.5E - 08 00:01
0.700 2.0E -02 1.4E -07 1.7E -01 6.4E - 08 00:02
0.800 1.6E -02 1.1E -07 1.4E -01 5.0E - 08 00:02
0.900 1.3E - 02 8.8E -08 1.1E -01 4.0E -08 00:02
1.000 1.1E -02 7.3E -08 8.9E -02 3.3E - 08 00:03
2.000 3.0E -03 2.0E -08 2.3E -02 8.5E -09 00:06
4. 000 8.4E -04 5.7E -09 6.0E -03 2.2E -09 00:13
6.000 4.0E -04 2.7E -09 2.8E -03 1.0E -09 00:19
8.000 2.4E -04 1.6E -09 1.6E -03 5.9E -10 00:26
10.000 1.6E -04 1.1E -09 1.1E -03 3.9E -10 00:32
20.000 5.0E -05 3.4E -10 3.1E -04 1.1E -10 01:05
40.000 1.6E -05 1.1E -10 9.3E -05 3.4E -11 0
60.000 8.6E - 06 5.8E -11 4.7E -05 1.7E -11 03:15
80.000 5.5E - 06 3.7E -11 2.9E -05 1.1E -11 04:20
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General Resuspension Example

Estimate th& EDE rates (i.e., dossommitment per hour of downwind exposure) to individuals downwind
from a contamination event involving C244. Most of the curium is contained in an area with an effective
radius of 50m. The average contamination level is 1,8a6ro curies per squamaetr. Based on air
sampling measurementbg Resuspensiofactor(RF)is 1.0 EO5 1. The RF values are determined at
a height near the ground surface (assumed to be a wind speed height of 2 Thetets)is high in
the sky on a cloudless dayth a3 m/s windspeedmeasured at &0-meterreference heightvhich results

in a 2meter height windeed of 2.68 mjs

P HotSpot Version 3.0 - o) x|
File  Help
Models Source Term | Meteorology | Receptors | Setup | Output |
Model : | General Resuspension
Radionuclide Deposition Release Radius
|1I.m-2H W 18.11y ’7 | 1.00E+H13 uCifm2 ’]50 m
Change Radionuclide Source Term |

Deposition “elocity
0.30 cmfsec

—Resuspension Factor (RF)
RF [u(2)=2.68 m/s] :

IW.DE-DS 1m

O Maxwell - Anspaugh

" MNCRP Report 129

© WWASH 1400 (NUREG-75/014)
& (Cther
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Return to Criginal Detaults
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HotSpot Version 3.0 General Resuspension

Resuspension Factor : User - input Value)

Source Material : Cm?244 W 18.11y
Source Term : 1.00E+03 uCi/m2

Resuspension Factor 1 1.0E -05 1/m
Effective Release Radius :50 m

Effective Source Term  : 4.8E -05Cils

Wind Speed (h=10 m) :3.00 m/s

Surface Wind Speed (h=2 m) : 2.68 m/s

Stability Class CA

Respirable Dep. Vel. :0.30 cm/s

Receptor Height :15m

Inversion Layer Height : None

Sample Time : 60.000 min

Breathing Rate :3.33E - 04 m3/sec
Distance Coordinates : All distances are on the Plume Centerline

Maximum Dose Distance :0.010 km

MAXIMUM TEDE :1.8rem

Inner Contour Dose : 5.00E -03rem
Middle Contour Dose : 2.00E -03rem
Outer Contour Dose 1 1.00E -03rem

Exceeds Inner Dose Out To: 2.3 km
Exceeds Middle Dose Out To : 3.8 km
Exceeds Outer Dose Out To : 5.6 km

FGR 11 Dose Conversion Data - Total Effective Dose Equivalent (TEDE)
DISTANCE TEDE AVERAGE
PER 1- HR EXPOSURE TIME  AIR CONCENTRATION
km (rem) (Cilm3)
0.030 1.3E+00 4.4E -09
0.100 5.9E -01 2.0E -09
0. 200 2.7E -01 9.2E -10
0.300 1.6E -01 5.3E -10
0.400 1.0E -01 3.5E -10
0.500 7.2E -02 24E -10
0.600 5.4E -02 1.8E -10
0.700 4.1E -02 14E -10
0.800 3.3E -02 1.1E -10
0.900 2.7E -02 9.1E -11
1.000 2.2E -02 7.5E -11
2.000 6.5E -03 2.2E -11
4.000 1.8E -03 6.2E -12
6.000 8.9E -04 3.0E -12
8.000 5.4E -04 1.8E -12
10.000 3.6E -04 1.2E-12
20.000 1.1E -04 3.8E -13
40.000 3.6E -05 1.2E -13
60.000 1.9E -05 6.4E -14
80.000 1.2E -05 4.1E -14

4-31



Hot Spot User 6s Gui d.éAtmospheric Dispersion Model Examples

General Plume Example

Estimate thgotential Total Effective DosEquivalent(TEDE), due to aelease of 20,000 curies of
Kr-85 from a 18@mete stack. The winds from theWestat 1 meter/secondat al0-meterreference
height), on a sunny dagince this is a noble gas, theakpath Factor Airborne Fraction, and
Respirable Fraction are all 1.000.

Kr-85 1.0756E+01 y 2 O000E-+04 Ci 1 0o
Change Radionuclide Source Term
1 oo
D 00 cmisec
l

1 O0E+00

1 ODE-+I0
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1.00E-05 100.00 ’7
5 00E-0B 10.00
1.00E-06

Return to Original Defautts
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HotSpot Version 3.0 General Plume

Source Material D Kr -85 1.0756E+01y
Material - at - Risk (MAR) :2.0000E+04 Ci
Damage Ratio (DR) :1.00

Airborne Fraction (ARF) :1.000
Respirable Fraction (RF) :1.000
Leakpath Factor (LPF) :1.000
Respirable Source Term  : 2.00E+04 Ci
Non- respirable Source Term : 0.00E+00 Ci
Effective Release Height : 10 m

Wind Speed (h=10 m) :1.00 m/s

Wind Speed (h=H - eff) :1.00 m/s

Stability Class CA

Respirable Dep. Vel. :0.00 cm/s

Non- respirable Dep. Vel. : 0.00E+00 cm/s

Receptor Height :1.5m

Inversion Layer Height  : Non e

Sample Time :10.000 min

Breathing Rate :3.33E - 04 m3/sec

Distance Coordinates . All distances are on the Plume Centerline

Maximum Dose Distance  : 0.034 km

MAXIMUM TEDE :0.019 rem

Inner Contour Do se . 1.00E -05rem
Middle Contour Dose : 5.00E - 06 rem
Outer Contour Dose . 1.00E - 06 rem

Exceeds Inner Dose Out To : 2.7 km
Exceeds Middle Dose Out To : 3.8 km
Exceeds Outer Dose Out To: 9.4 km

FGR 11 Dose Conversion Data - Total Effective Dose Equivalent (TEDE)
RESPIRABLE
DISTANCE TEDE TIME - INTEGRATED ARRIVAL TIME
AIR CONCENTRATION
km (rem) (Ci - sec)/m3 (hour:mi n)

0.030 1.9E - 02 4.2E+01 <00:01
0.100 5.6E -03 1.3E+01 00:01
0.200 1.6E -03 3.5E+00 00:03
0.300 7.1E -04 1.6E+00 00:05
0.400 4.0E -04 9.1E -01 00:06
0.500 2.6E -04 5.9E -01 00:08
0.600 1.8E -04 4.1E -01 00:10
0.700 1.3E-04 3.0E -01 00:11
0.800 1.0E -04 2.3E -01 00:13
0.900 8.2E -05 1.9 -01 00:15
1.000 6.7E -05 1.5E -01 00:16
2.000 1.7E -05 4.0E - 02 00:33
4.000 4.7E - 06 1.1E -02 01:06
6.000 2.2E -06 5.1E -03 01:40
8.000 1.3E -06 3.0E -03 02:13

10.000 9.0E -07 2.0 E- 03 02:46

20.000 2.8E -07 6.3E -04 05:33

40.000 8.9E -08 2.0E -04 11:06

60.000 4.7E -08 1.1E -04 16:40

80.000 3.0E -08 6.8E -05 22:13
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5. Special Purpose Programs

In addition to the atmospheric dispersamd explosionomodels, four special purpose progiaare
also included in HotSpot: Nuclear Explosion (nuclear yieldR) Radionuclides in the Workplace
3) FIDLER Calibration and Lung Screeningnd a module to calcula4@ Percentile Dose using
Historical Meteorological Data

Nuclear Explosion

HotSpotestimates the effects of a surfdmgrst nuclear weapon, based on the information in The
Effects of Nuclear Weapons by Samuel Glasstone and Philip J. Dolan (3rd Edition, U.S.
Department of Defense anceth.S. Department of Energy, 19Ipud dimensions use the
algorithms contained iAllied Tactical Publicatiom5(C). The predominant initial ionizing

radiation species are neutrons and gamma rays produced during the first minute of the nuclear
explosion.This initial radiation is often referred to as prompt radiation. toted energy of the

initial neutrons and gamma rays is only about 3 percent of the total explosive energy, compared
with the 35 to 45 percent appearing as themadilation.However, itis this prompt ionizing

radiation that causes a signifitamoportion of the casualties.

The effective wind spedl and direction (wind shearary with the height of the top and bottom of

the stabilized debris cloud. HotSpatlbut predictions assumedafault effective wind speed of 15
miles per hour (6.8 meters per second) afideal wind shear of 15 degreebhe Glasstone

idealized fallout dose calculations are assumed to be independent of the atmospheric stability
classification (i.e., A G). All dose data are midline tissue doghke midline dose is assumed to be
70% of the "surface" absorbed dose (Glasstone, page 579, section 12.108). A fallout dose terrain
reduction factor of 0.7 is assumed (Glasstone, page 428, section 9.95).

Shielding attenation from fallout gamma radiation for various structures (home, apartment, earth,
etc.), are selectable options for table output, fallout contour plots and contourdiikss.1

containsthe dosdransmissioractors used in H&pot for fallout gammaprompt gamma, and

prompt neutromadiation.(SeeGlasstone, page 441, Table 9.120 and section 9.118). All of the
structures are assumed to be isolated, so that possible effects of adjacent structures have been
neglected.

Table 5.1 HotSpot Shielding streture dose transmission factors

Shielding Structure DoseTransmissior-actor
Fallout Gamma Prompt Gamma PromptNeutron

No Shielding 1.0 1.0 1.0
Vehicles (i.e., cars, trucks, buse 0.5 1.0 1.0
Frame house 06 1.0 08
Basement 0.1 0.6 0.8
Multistory-lower floor 0.1 0.6 0.8
Concrete 9nch walls 0.09 0.2 0.5
Concrete 12nch walls 0.03 0.1 0.4
Multistory-upper floor 0.01 0.9 1.0
Concrete 24nch walls 0.002 0.02 0.2
1 m (3 ft) underground 0.0002 0.004 0.01
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Nuclear Explosion Example

Whatwould bethe prompt effects from the surface detonation of-&ifdon fission device?
Assume an effectiverind speedf 6.8 m/s. Also include the estimated fallout external dose to

individuals remainingn the open environmenité.,no sheltering), at, 2, and 3 kilometers directly
downwind of thenucleardetonation

ml' Muclear Explosion =10l |

Muclear Explosion r Text Files —-Contour Plots - Computer Display

. Nuclear Eftects [ able Output | Create Fallout Contour Plot

MNuclear rield &
100KT Save Table Output | N ——

Eft. Yvind Speed Yiew Saved Table Output Files | & Plume Centerline ¢ Compass
680 mfs

Contour Plots - Mapping Files
& Append Fellou Fallout Cantour File (KML) |
Prarmpt Neutron REE W Append Summary Prompt Effects Files (KML) |
30 [~ Prompt Contour Effects

™ Display H+1 reference dose rate | @zt @i

Wind Direction - Hotspot Mapping ——
’7 I 270 Wind from the West ’7
] ~Fallout Exposure Time and Sheltering Values for Tables and Contour Plots —
Yield Calculator - =
|N|:| Shielding j Shielding Transmission Factors
Contour Values " Dose infirst hour  Dose in first week 1.0000
i tG
Fallout Dose (rem) " Dosein first six hours  Dase in first month rompt Gamma
Inner |1.00E+03 & Dosein first day  Dose infirst year Prompt Meutron 1.0000
Middle [300E+02 © Daose infirst 4-days  User Selection Fallout I 1.0000
@y W I Change Exposure Parameters
Exposure Time: (Start: 0.00 days: Duration: 1.00 days)
(V\/;athering Correction Factar: Mong)
Ground Roughness Correction Factor: 0.700

I Detonation Location: 35.00722M106.43630%

The following provides generaiformationabout nelearexplosionsfor this example
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HotSpot Version 3.0 Nuclear Explosion
Mar 01, 2013 01:16 PM

Nuclear Explosion : 10.0 kT Surface Burst

Personnel exposed to a nuclear explosion may be killed or suffer injuries

of various types. Casualties are primarily caused by blast, thermal

radiation, and ionizing radiation. The distribution and severity of these
injuries depends on device yield, height of burst, atmospheric conditions,

body orientation, protection afforded by shelter, and the general nature

of the terrain.

The energy of a nuclear explosion is partitioned as follows,

50% Blasta nd ground shock
35% Thermal Radiation (Effective partition = 18% for surface burst)
15% lonizing Radiation

5% Prompt (first minute)

10% Delayed (minutes to years)

The 10.0 kT nuclear explosion produces a fireball of incandescent

gas and vapor. | nitially, the fireball is many times more brilliant

than the sun at noon, but quickly decreases in brightness and continues to

expand. In about 1 second, the fireball will have reached its maximum diameter

of about 440 meters. After 1 minute, the fireball will have cooled
sufficiently so that it no longer glows.

BLAST

Blast casualties may occur due to the direct action of the pressure wave,

impact of missiles and fragments, and whole body translation and impact.

The destructiveness of the blast is a func tion of its peak overpressure
and duration of the positive pressure wave (or impulse). The 10.0 kT explosion

will produce in excess of the blast required to produce 100% Lethality

out to adistance of 0.27 km (0.17 miles) Injuries associated with shattered

glass windows can occur out to a distance of 4.09 km (2.54 miles)

THERMAL RADIATION

Burn casualties may result from the absorption of thermal radiation energy

by the skin, heatin g or ignition of clothing, and fires started by the

thermal pulse or as side effects of the air blast or the ground shock.

Exposed eyes are at risk of permanent retinal burns and flash blindness out

to relatively large distances (especially at night when t he diameter of the
pupil is maximum). Under daytime conditions, the 10.0 kT explosion
could produce temporary flash blindness from scattered light out to a

distance of 22 km (14 miles). Individuals who directly view the initial

fireball could experience retinal burns out to a distance of 23 km (14 miles).
Unprotected individuals could receive in excess of the thermal radiation dose
required for third degree burns, out to a distance of 1.4 km (0.9 miles).

IONIZING RADIATION

Radiation casualties may be caused by prompt nuclear radiation or by

radioactive fallout. Prompt ionizing radiation consists of x rays, gamma

rays, and neutrons produced in the first minute following the nuclear

explosion. Unprotected individuals could receive in excess of the promp t
ionizing radiation dose required for 50% lethality (within weeks),

out to a distance of 1.4 km (0.89 miles)

The delayed ionizing radiation is produced by fission products and
neutron - induced radionuclides in surrounding materials (soil, air,
structures , nuclear device debris). These radioactive products will be
dispersed downwind with the fireball/debris cloud. As the cloud

travels downwind, the radioactive material that has fallen and settled

5-3
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on the ground creates a footprint of deposited material (fal lout).

The exposure to the fallout is the dominant source of radiation exposure

for locations beyond the prompt effects of the nuclear detonation. The dose
received depends upon the time an individual remains in the contaminated area.
Unprotected individu als remaining in the contamination zone for the first
hour following the nuclear explosion could receive in excess of the fallout

dose required for 50% lethality (within weeks), out to a distance of

about 9 km (5 miles). The idealized maximum width of th e fallout footprint
(actual width could be larger or smaller) is about 0.40 km (0.25 miles).

For individuals remaining in the contamination for the first 24 hours, the
downwind extent of the 50% lethality contour increases to approximately

17 km (11 miles) . The 50% lethality contour width increases to about

to about 0.85 km (0.53 miles).

ELECTROMAGNETIC PULSE (EMP)

The EMP range for the 10.0 kT detonation is approximately 4 km (3 miles).

This range is the outer extent that any EMP effects are expected to occur.
Not all equipment within the EMP - effects circle will fail. The amount

of failure will increase the closer to ground zero the equipment is located,

the larger the equipment's effective receptor antenna, and the equipment's

sensitivity to EMP effects . Solid state devices are more sensitive than
vacuum tube devices. Least affected by EMP are electro - mechanical
devices such as electric motors, lamps, heaters, etc. Cell phones and handheld

radios  have relatively small antennas and if they are not connected to

electrical power supplies during the EMP pulse, will probably not be

affected by the EMP.

The effects of EMP occur at the instant of the nuclear detonation and ends
within a few seconds. An y equipment that will be damaged by EMP will
be damaged within those seconds. Electronic equipment entering the area
after the detonation will function normally as long as they do not rely on

previously damaged equipment, e.g., repeaters, power supplies, e tc.
Nuclear Yield : 10.0kT

Cloud Top ;8200 m

Cloud Radius ;2300 m

Cloud Bottom : 5100 m

Stem Radius : 780 m

Wind Direction ;270 degrees Wind from the West

Effective Wind Speed: 6.8 m/s

lonizing Radiation Shieldin g: No Shielding

Prompt Gamma Transmission Factor: 1.0000
Prompt Neutron Transmission Factor: 1.0000
Fallout Gamma Transmission Factor: 1.0000
(Weathering Correction Factor : None)
(Ground Roughness Correction Factor : 0.700)

Radial Distances for Prompt Effects (first minute following nuclear explosion)

Prompt lonizing Radiation Effects : Whole - body Midline Dose
Includes Gamma and Neutron Radiation (Neutron RBE = 3.0 )

10,000 rad -eq(cGy -eq) [100% death, < 1 day]....... 0.87 km (0.54 miles)
1,000 rad -eq(cGy -eq) [100% death, days] 1.23 km (0.76 miles)
460 rad -eq (cGy -eq) [95% death, weeks] 1.36 km (0.84 miles)

400 rad -eq(cGy -eq) [85% death, weeks].......... 1.38 km (0.86 miles)
300 rad -eq(cGy -eq) [50% death, weeks].......... 1.43 km (0.89 miles)
200 rad -eq(cGy -eq) [15% death, years].. 1.51 km (0.94 miles)

140 rad -eq (cGy -eq) [5% death, years]......... . 1.57 km (0.98 miles)

54
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Prompt Blast Effects : Lethality

Threshold 30 psi (30 =50).ciiiiiiis 0.40 km (0.25 miles)
50 % 50 psi (50 -75).... 0.32 km (0.20 miles)

100% 75 psi (75 ~115)..nennnn. 0.27 km ( 0.17 miles)

Prompt Blast Effects : Lung Damage

Threshold 8 psi (8
Severe 20 psi (20

0.74 km (0.46 miles)
0.48 km (0.30 miles)

Prompt Blast Effects : Eardrum rupture

Threshold 5 psi 0.96 km (0.60 miles)
50% 15psi(15 = -20).ccccceieennnn 0.54 km (0.34 miles)

Prompt Blast Effects : Shattered window glass injury
Threshold 0.5 pSi......cccccvveennee. 4.09 km (2.54 miles)

Pro mpt Thermal Effects : Skin burns and Eye Damage

Eye Damage
Day
Flash Blindness ...........cccccu... 22 km (13.7 miles)
Retinal Burns .........ccccocveeee. 23 km (14.4 miles)
Night
Flash Blindness ..........ccccceue.. 73 km (45.3 miles)
Retinal Burns .........ccccocveeee. 41 km (25.5 miles)
Visibility : 20 km (12 miles)
50 % 1st Degree (2.4 callcm2)...... 2.00 km (1.24 miles)
50 % 2nd Degree (4.7 callcm2)...... 1. 50 km (0.93 miles)
50 % 3rd Degree (7.3 callcm2)...... 1.25 km (0.78 miles)
Visibility : 40 km (25 miles)
50 % 1st Degree (2.4 callcm2)...... 2.18 km (1.35 miles)
50 % 2nd Degree (4.7 callcm2)...... 1.61 km (1.00 mi
50 % 3rd Degree (7.3 callcm2)...... 1.32 km (0.82 miles)
Visibility : 80 km (50 miles)
50 % 1st Degree (2.4 callcm2)...... 2.35 km (1.46 miles)
50 % 2nd Degree (4.7 callcm2)...... 1.70 km (1.06 miles)
50 % 3rd Degree (7.3 callcm2)...... 1.38 km (0.86 miles)
Electromagnetic Pulse (EMP)
Maximum extent of radial EMP effects... 4  km (3 miles).
lonizing Radiation Shielding: No Shielding

Prompt Gamma Transmission Factor: 1.0000
Prompt Neutron Transmission Factor: 1.0000
Fallout Gamma Transmission Factor: 1.0000
(Weathering Correction Factor : None)
(Ground Roughness Correction Factor : 0.700)

Centerline Distance 1.000 km ( 0.621 mi)

Blast (maximum overpressure) 4.6E+00 psi

Prompt Neutron 2.8E+03 rad -eq
Prompt Gamma 1.3E+03 rad

Total Prompt lonizing Radiation 4.1E+03 rad -eq

Thermal @ Visibility = 20 km (12 miles): 1.2E+01 cal/lcm?2
Thermal @ Visibility = 40 km (25 miles): 1.3E+01 cal/cm2
Thermal @ Visibility = 80 km (50 miles): 1.4E+01 cal/cm2
Fallout Info rmation

Cloud Arrival Time (hr:min) 00:02

les)
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Actual Dose Rate @ Cloud Arrival Time  1.1E+05 rem/hr

External Dose in First Hour 1.1E+04 rem

External Dose in First 6 - hours 1.5E+04 rem

External Dose in First Day 1.7E+04 rem
External Dose in First 4 - days 1.8E+04 rem

External Dose in First Week 1.9E+04 rem

External Dose in First Month 2.0E+04 rem

External Dose in First Year 2.1E+04 rem

External Dose in 50 - years 2.1E+04 rem

Centerline Distance 2.000 km ( 1.242 mi)

Blast (maximum overpressure) 1.4E+00 psi

Prompt Neutron 6.2E+00 rad -eq
Prompt Gamma 8.5E+00 rad

Total Prompt lonizing Radiation 1.5E+01 rad -eq
Thermal @ Visibility = 20 km (12 miles): 2.4E+00 cal/cm2

Thermal @ Visibility = 40 km (25 miles): 2.9E+00 cal/cm?2

Thermal @ Visibility = 80 km (50 miles): 3.4E+00 cal/cm?2

Fallout Information

Cloud Arrival Time (hr:min) 00:04

Actual Dose Rate @ Cloud Arrival Time  4.9E+04 rem/hr

External Dose in First Hour 8.0 E+03 rem
External Dose in First 6 - hours 1.2E+04 rem

External Dose in First Day 1.4E+04 rem

External Dose in First 4 - days 1.5E+04 rem

External Dose in First Week 1.6E+04 rem

External Dose in First Month 1.7E+04 rem
External Dose in First Year 1.8E+04 rem

External Dose in 50 - years 1.8E+04 rem

Cent erline Distance 3.000 km ( 1.863 mi)

Blast (maximum overpressure) Minimal Blast

Prompt Neutron Minimal Neutron

Prompt Gamma 1.3E -01rad
Total Prompt lonizing Radiation 1.7E -0lrad -eq
Thermal @ Visibility = 20 km (12 miles): 8.7E - 01 cal/cm2

Thermal @ Visibility = 40 km (25 miles): 1.2E+00 cal/cm?2
Thermal @ Visibility = 80 km (50 miles): 1.5E+00 cal/cm?2

Fallout Information

Cloud Arrival Time (hr:min) 00:07

Actual Dose Rate @ Cloud Arrival Time  3.0E+04 rem/hr

External Dose in First Hour 6.4E+03 rem

External Dose in First 6 - hours 1.0E+04 rem

External Dose in First Day 1.2E+04 rem

External Dose in First 4 - days 1.4E+04 rem
External Dose in First Week 1.4E+04 rem

External Dose in First Month 1.5E+04 rem

External Dose in First Year 1.7E+04 rem

External Dose in 50 - years 1.7E+04 rem




Hot Spot User s Gui de 5. Special Purpose Programs

Radionuclides in the Workplace

The HotSpotprogram provides a guide for initial planning of experiments and workplace selection.
It cannot be treated as a precise hazard analysis folim@nadioactive materials. Further
considerations may be necess arny(i.edselip,powder,ng o n
etc.) volatility, pyrophoric properties, ability to penetrate the skin, radiation dose rate, and the
experience of the experimenter and the health physldig.workplace screening methodn be

usedas a guide fothe initial planning of operations involving radioactive material.

Operations involving radioactive material must be designed, equipped, and conducted to protect
personnel as much as is practical against the hazards of ionizing radiation. The protective measure
selected must take into account the nature of the opertiteradionuclides involved, and the
quantities that will be used. These operations must only be conducted in approved workplaces. Th
selection of the workplace is based on the relative hazard of an operation and on the quantity and
radiotoxicity of the adionuclides involvedAccordingly, he relative hazard of an operation is
determined by evaluating the following factors for each radionuclide

A Radionuclide to be used.

A Chemical and physical form of the radionuclidebe used

A Quantity of the rdionuclide to be used.

A Nature of the operation to be performed.

A Mass of the material in which the radioactivity is contained.

Workplaces are divided into three classifications: Type 1, Type 2, and Typedperation that,
according to this methodagy, requires other thanTg/pe 1 workplace should be referred to a
health physicist for a final evaluation of the workplace requirements. The health physicist may
increase or decrease the workplace criteria as appropriate for a particular operation.

Type 1 Workplaces

Type 1 workplaces are used only for lnazard operations. The requirements for such workplaces
included

A Room ventilation is changed six times each hour at a minimum.

A Work surfaces are smooth and impermeable.

A Personnel wear apronslaboratory coats.

A A periodic monitoring program is maintained to detect any contamination of surfaces.

Type 2 Workplaces

Type 2 workplaces are used for loar moderaténazard operations. The requirements for such
workplaces includé

A Operations arearried out in chemical fume hoods or the equivalent having a minimum
exhaust velocity of 0.75 linear m/s (150 ft/min) at any point of the hood opening.
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A The walls and floors of the hood are smooth and protected with impermeable coverings.

A The coverigs of work surfaces are either disposable or selected for ease of contamination
cleanup.

A Personnel wear laboratory coats and gloves appropriate to the nfeaadéd.
A Radioactive materials are stored in a hood, a glove box, or other appontader.

A A monitoring program is maintained to detect external radiation, surface contamination, and
airborne radioactivity.

A Special receptacles are provided for separate collection of solid andrigiodctive or
mixedwaste generated in the workptac

Type 3 Workplaces

Type 3 workplaces are used for operations tfladsas high hazard. These workplaces must be
isolated from other working areas. The minimum requirements for such workplacesadnclude

A Operations are carried out in glove boresipped with negativpressure ventilation and a
high-efficiency filtration €.9.,HEPA) system. Other protective devicegy, shielding,
remote handling devices, air locks, bag ports, etc.) commensurate with the degree of
hazard associated with tbperations are included.

A The coverings of work surfaces are impermeable and adapted to the type of operation to
facilitate decontamination.

A The atmosphere in work rooms is maintained at negative pressure with respect to other parts
of the buildingventilation

A Access to the workplace is limited to those persons actually needed to perform the operation.

A Protective clothing, such as lab coats, and gloves and protective equipment, such as
respirators, are used as specified by the health physicist.

A Radioactive materials are stored in glove boxes, source pits, water pools, or other devices,
commensurate with the degree of hazard and the nature of the material.

A A monitoring program is maintained to detect atmospheric contamination, exteragibradi
and surface contamination. Alarm deviegsinstalled to warn personnel of external radiation
or airborne contamination exceeding permissible levels.

A Special receptacles are provided for separate collection of solid and liquid residues generatec
during operations.

Guide for Selecting Workplaces
The following equation is used to define the relative ltho&the radionuclide operation.

H = QTU/(m)?
Where
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Hazard Guide Valu@imensionless)

Quantity of radionuclide (uCi)

Toxicity factor (dimensionless)

Use factor(dimensionless)

Mass of total radioactive and noadioactive material (g).

3 CHOI

Note: Ifm<1 g, assumen= 1g.

The Hazard Guide Values are based on thgegd CEDE due to the accidental inhalation of a
specific fiaction of the radioactive material present at the work area. Once the Hazard Guide for a
specific operation has been calculated, the recommended workplace type can be determined from
the workplace requirements table. Select the factors necessary totedicula

Workplace requirements as a function oH

Hazard Guide ValueH) Required Workplace
H <1E+07 Type 1
1E+07<H <1E+10 Type 2
H>1E+10 Type 3

Toxicity Factor

The toxicity factor,T, accounts for the relative radiotoxicity of the subject material. The toxicity
factor is the ratio of the Derived Air Concentration (DAC) of tritium oxide to the DAC of the

specific radionuclide(s) in the materiflthei F G R DCH Ldbrary Option (MairHotSpot

ASet up g sefeded,MORBO DCFs are useir determination othe DAC andAnnual Limit

of Intake ALI),( 1 & m A MhOFGR130DCF Library Option is selectethe DAC and

ALl values are determinaasing thenew ICRR6 0 + DCFs f or occupational
AMAD). The following screen shows that the FGR 11 Library has been selected.

P HotSpot Vers =1
File  Help
Models | Source Term | Meteorology | Receptors Setup | Qutput |
Terrain Radiological Units Distance Units —
# Standard : Consenvative Option ' Classic (rem, rad, Ci) & hetric
 City Large Metropolitan Area € Sl (Sievert, Gray, By  English
I G e (anglhiess Explosion Maodel AF Distribution
Wind Ref He\ght Sample Time Source Geometry Default HotSpot ertical AF Distrib
’7 [ 10 meters WEI in —‘ * Simple ™ Change/view AF Distribution
© Complex
~Mixing Layer —————————
™ Enable Inversion (67 GG
< * FGR H FGR 13  Acute (30-days)
[ Ground Shine & Resuspension Breathing Rate
™ Include Ground Shine (Weathering Correction Factor - None) (3904 mifs
™ Include Resuspension (Resuspension Factor : Maxwell&nspaugh)
Exposure Time: (Start: 0.00 days; Duration: 0.00 days) Holdup Time
(D min
[ Contour Yalues Mon-respirable Deposition “elocity
~ TEDE (rem| Deposition (uCi/m?2] ( |_F—E p—
Inner 0.10 Inner 100.00
Middle  |0.08 Middle  [10.00 Wt Deposition
Qutar lm— Outer 1.00 ™ Enable Rainaut
& uCifm2 ¢ dpmi(100 cm2)
Return to Criginal Detaults
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T=DAC HTO/ DAC Radionuclide under consideration

NOTE: Radionuclides labeled tooleculesi(e.,amino acids, nucleosides, antibiotics, etc.) must be
evaluated on an individual basis because they may represent a special hazard due to their
distribution and concentration in the body.

Use Factor

The actual respirable fraction to caldela specific Hazard Guide value depends on the type of
operation performed in the work area (e.g., wet chemigtnyding of dry material). The respirable
fraction is defined as the fraction of the released material associated with an AMADndbt the
FGR 11 optioror an AMAD of 5um for the FGR 13 optiorizor normal operations, as shown in

the use factors table, the inhalation fraction is 1®.1Dhis inhalation fraction is based on actual
incidents involving the inhalation of radioactive mateaiatl is conservative by factors of 10 to
1,000 with respect to actual observed values (Franke, 1966).

For other than normal operations the Hazard Guide equation incorporates a use factor, U, to accol
for the increase or decrease in the inhalation fractssociated with a specific operation (i.e., the
inhalation fraction associated with material storage is smaller than the value associated with mixing
dry material). The use factor for normal operations is 1.

Use factors as a function of operation

Type of Operation Use Factor(U)

Storage 0.01

Very simple, wet
Diluting stock solutions 0.1
Washing precipitates

Normal
No production of dry materia
No vigorous chemical reactions
Precipitation
Filtration orcentrifuging 1
Solvent extraction
Chromatography
Pipetting or titration
Ambient temperatures

Simple dry
Fusion reactions
Fluorination 5
Transfer of dry precipitates
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Complex wet
Distillation
Evaporation talryness 50
Elevated temperatures

Dry and dusty
Machire or hand crushing
Machining or sawing 500
Sieving
Mixing

Mass Factor

If the radionuclide concentration of the material is increased or decreased, the consexjuences
inhalation of a specific fraction of the material will also vary. The mass factor adjusts the Hazard
Guide for this variation.

When the amount of material to be handled exceeds 10,000 g, the workplace requirement should
evaluated individually by a health physicist. This is necessary to take into account the special
consideration of handling very large amounts of material. kamele, large quantities can

potentially pose a significant hazard outside of the immediate worklaraddition quantities less

than 0.1g should be evaluated by a health physicist because they can potentially pose a greater
inhalation risk if the radiactive material is contained in a relatively small number of respirable
particles.

5-11
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Radionuclides in the Workplace Example 1

Note: These examples use FGRDose Conversion Factors (DCB) determination of the DAC and ALl
(1 em AMAID). If youddwd’selected FGR3 mode, the DAC andLI values are determined using
thenewlICRF6 0+ DCFs f or occumpAMAD)ONn a l exposure (5 ¢

An experimenter wants to pipette a gmn containinga total of 500 uCi of class Wu239. The
activity concatration of he solution is 20 @i/g, therefore total mass is 2b What type of
workplace should be recommended for this operation?

M Radionuclides in the Workplace - o] x|
~Radionuclide Information
Plutoni ALl : Non-stochastic (FGR-11)
[Pu239 W 21065y | 2E+02 By (BE-03 uCi )

| DAC

Change Radionuclide I 1E-01 By/m3 (3E-12 Cim3 )

—Specific Activity
I 230E+19 Bofy (5.22E02 Cifg)

~Workplace Requirements

~Type of Operation —— ~Maximum Rec ded Activity
Type 1 Workplace — | " Type 2 Workplace
" Storage “ 2.4E+06 Bq (6.6E+01 uCi) “ 2.5E+09 Bq (6.7E+04 uCi)
& Simple Wet
" Normal rRecommended Workplace

r Simple Dry I Type 2 Workplace el
 Complex \Wet et
o0 4 Dt r Total Activity —Mass fotal
Iy an Usty i
f 500E+02 ui H_Lz.sam o
Type 1 Type 2 _ME?SE:;:“ ~Hazard Guide —
: 4 | 7 5EH07

Type 3 | Print |

Workplace Example 1
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Radionuclides in the Workplace Example 2

You are responsible for preparing soil samples following@ear weapon accident involving
plutonium. The operation will involve mixing soil samples to achieve a homogenous sample and
repackaging of the soil for gamma spectroscopy. The higleésity soil samples will be taken in

an area with maximum groundrgamination on the order of 10@jifm? of weaponsgrade

plutonium. The radiotoxicity of weapofggade plutoniunoxideis well represented by assuming

the radionuclide is P39 (Pu(; is usually assumed to loghalation class Y). Each soil sample has
a masof approximately 100g and is representative of a ground area of fOUtluenefore, the total
activity persample is 1 i. A maximum of 10 soil samples will be processed at any one time.
What type of work environment should you recommend for this opefati

fIF Radionuclides in the Wo =10 x|

~Radionuclide Information
Plutoni ~ALI : Nonstochastic (FGR-11)
|Pu239 Y 24065y | BE+02 B (2E-02 uCi)

| ~DAC
[ 3E01 Bym3 FE12 Cim3)

Change Radionuclide

~ Specific Activity
| 2.30E409 By/y (5.22E-02 Cify)

~Workplace Requirements

—Type of Operation —— ~Maximum Rec ded Activity
- Type 1 Workplace —————| [ Type 2 Workplace
Slinige “ 7.8E+03 Bq (2.1E01 uCi) “ 7.8E+06 Bq (2.1E+02 uCi)
 Simple Yyet
" Mormal —Recommended Workplace
 Simple Dry I Type 2 Workplace —Mas1salr;|g5
© Complex Wiet et
—Total Activity

0 rhass (total
# Dry and Dusty [ 1.00E+00 uCi TIEwe
Type 1|  Type2 | || Mass (nonrad ~Hazard Guide —|
1.0E03 g 17EN07

Type 3 | Print |

Workplace Example 2
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FIDLER Calibration

The FIDLER program is used to calibrate a FIDLER (Field Instrument for the Detection ef Low
Energy Radiationpr Violinist (FIDLER combined with a multichannel analyzéoy, measurement
of plutonium contamination on the ground. However, the programalsabe applied to any
instrument suitable for measuring external radiation levels angladonium mixtures, for
example, using a Geigdiueller instument for the measurent ofCs-137ground contamination.
Under the File menu, there are options to open or save a calibration, and to load a FIDLER
example.

When measuring plutonium ground contamination, the FIDLER is typically calibrated for-the 60
keV gamma ray from th&m-241 component of the mixte or the lowenergy x rays centered
around 1%keV. The Am241component ig/pically onthe order of thousands of parts per million
by weight It should be noted thataasurements usingrays are very sensitive to overburdfan,
example, rain, contamination fixativenddust, andherefore argenerally not recommended.
Measurements using the-&8V gamma from ArrR241 are much less sensitive to the overburden
effects due to their higher energy. FIDLER assumes that contaomrias entirely on the surface

of the soil, characteristic of newbeposited activity. If significant weathering has occufesd.,
measurements are months to years post deposii@oyrection factor is required to account for the
attenuation of themitted photons as a function of soil depth. This correction factor should be based
upon actual sogsample analyses.

The standard FIDLER consists of a X2 diameter by 0.1@mthick Nal (TI) crystal. The
detector entrance window is typically 0.02% thick beryllium. The crystak connected to a
photomultiplier tube, and the output of the tube is connected to ahledahdate meter, or scaler.

A radiation detector can be calibrated by several methods for measuring surface contamination. As
shown in Figuré.1, the mostirectmethod is suspending the detector over a known area source.
Here, every square meter of the source contains, for exabmB#,0f Am-241, and the counts per
minute (cpm) indicated on the instrument is, by definition, the areal counting efficiency f@4Am
(cpm/[uCi-m?]). However, such a source is not practical in terms of size, cost, and transportability.

Each square meter
contains a uniform
distribution of 1 uCi
of 241Am

Figure 5.1. Semi-infinite plane Am-241 check source
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The following procedure describes a method for calibrating a detector to measure surface
contamination with a singlpoint check source. Figute2 shows the six measurement positions
required for this calibratioprocedure. The calibration method was originally intended for a
standard FIDLER instrument, but the technique is applicable to anylsuditiector and
contamination, for example, ai2ch-diameter by2-inch-thick Nal (Tl) detection system for
surveyingCs-137 ground contamination.

Position of check source for
first measurement (n = 0)

Figure 5.2. Radial check source position

The primary goal of the calibration proceduréoisletermiret he i nstr ument s <co
for an assumed, uniform area contamination per square meter of surface. This parameter is referre
to as the areal counting efficient§). This efficiency differs considerably from the simple point
source efficiencywhi ch i s commonl y us e dsenstgivitgfer to@atingni ne
smallpoint sourcesn this casaveyouneedt@a c count f or t he i nsdxisume:!
radiation sources and field of view.
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Figure5.3 shows the count rate fartypical FIDLER system as a function of radial position of a
5.9uCi Am-241 check source.

FIDLER calibration—60 keV
5.9 uCl Am-241 BKGD = 750 CPM

I | | I I I

100000

L L1

T

10000 n=0

T T TTTT
Ll

Net count rate (cpm)

T T TTTT
Lol

20 40 60 80 100 120 Rmo 160
Radial distance (cm)

100

o

Extrapolation area
100cm > oo

Figure 5.3. Typical FIDLER calibration data

Determination of the Areal Counting Efficiency (S,)

The FIDLER is suspended at height ébove the ground he FI DLERG6s ar eal
(S9 for Am-241 (using the 68eV gamma ray), from a uniform distribution over a circular afga (
of radius R) is:

Sa=3 J CdA Ea. )

where:
q = activity (UCi), in area,dA (m?)
C(r) = count ratdcpm),from activity (q) in areadA,
BecauselA=r dr dé.

2/71R
S,= Jagc(r)rdrde (Eq.2)
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The determination of the areal counting efficiency requires the evaluation of the integral in
Equation 3. As shown in Figure 2, the FIDLIpRogram requires chegdource measurements at six
locatons (rQ r5), each location being radially offset by 20 cm.

The observed FIDLER count rate between any two adjacent calibration points, as a function of
radial distance, is well represented by a sev@{ponential function of the form:

C(r)=ae™

where:

a = Y-axis intercept,

b = slope,

r = radial distance
Letting C(r) = a€” in Equation 3,

+1
(Ea. 4)
Zan _f rehrdr + a _fre dr
rn 5

n=0

(Eq. 5)

where:
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.
Jreb dr:E(br_l) ,

[ C(in) )
lnL C(rn+ 1)J

b, = , anc
' —Thet

o =Cffn)e 'y

This is theSavalue for a mixture consiing of 100% Arm241. Because we are interested in$lae
value for a plutonium mixture, we need to account for the activity fraction e2AInin our actual
sample mixture.

S, counts-m?

S =T i i

(Eq. 6)

where:
f = the ratio of gtha pCi ofmix to pCi of Am-241.

Thef ratio is a function of the assumed mix and is automatically determined once you have either
selected the default mix and age, default mix and-iapert age, or input a specific mix and age.

The value of is always displayed with the final calibration data (computer display) and is stated as
fil microcurieof AW 41 = 8. 66E +00 al pha OCi of MI X. 0

In this examplef = 8.66. Note: If you were actually measuring a mix of 100% 241, thef ratio =

1, and no djustment of the&s, value is required. If you are calibrating the FIDLER using the 17
keV window, the xray abundance ratio of the AB#1 check source to the plutonium mixture is
automatically determined and used in calculating thkeM window efficiency If you are

measuring a specific nuclidimr example Cs137, it is assumed your calibration source is identical
to thesample mix, and again theatio is 1.

Once the areal counting efficiency has been deteuriior an instrument, a simple spohed
calibration scheme based in tkeatio is possible. ThK ratio is defined as the rati&) of the
areal source counting efficiencg to the point source counting efficienc§)

S 2

K=— ., m (Eq. 7)
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where:
Sa= cpm per pCi/r,
Sp= cpm per uCi.

Once theK ratio has been determined for a particular geometry, the ratio will remain relatively
constant. The electronics might drié.g.,the PRM5-3 window might shift away from the desired
phot opeak) , Hratbwilnotde affgcted Ibthedveords, th&, andS, can change,

but their ratio will remai n otneeassringtimetpointsburce i q
efficiency &) withanAm2 41 check source. The FIDLERGs ar
calculated by multiplyig S, by theK ratio. Any changes in the detection system will be accounted

for by the curren§, measurement. This allows for a quick figalibration scheme. For example, a
monitoring team can measure the point efficiency before and after a sdrédd nfeasurements to
confirm the status of the areal cougt efficiency K x S,). This provides aaudit trail of the

detector efficiency for posturvey data reduction and documentation.

The Limit of Sensitivity (LOS) is reported with a Type 1 and Tgpror (alpha and beta) equal to
0.05. The following determines the L@Scale from Curie, 1975):

27+ 4651/t

LOS= , uci  (Ea8
S
Rate meter:
LOS_ 33/ 2RC | i (Eq. 9
Sa
Where,

RC= rate meter time constant (min),

r, = background count rate (cpm),

ts = sample counting time (min),

S, = areal counting efficiency (cpm/[uCif).

The standard deviations of the areal counting efficiencyKafaator are also output to the

calibration information display. If you are using a weak check source, short irdegnate, etc.,
this will be reflected in a large standard deviation.
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fIF FIDLER Calibration

File  About

Calibration | Mixture | Lung Screen | Calibration Setun  Equipment 1.D.

o/

ExiilsEitiam Baie —Detector Information
’7 Auqust 05. 2001 Manufacturer
I =L | Harshaw
Mame Iladel Number
’7 | John Doe ‘ ’7 35 ‘
Serial Nurmber
Calibration Motes ’7 66776 ‘
This is an actual FIDLER Bar Code Number
calibration, and the values are 333 ‘
typical of most FIDLER
configurations. Survey Meter Information
Manufacturer
Eberline ‘
Iladel Number
’7 ESP2 ‘
Serial Number
33425 ‘
Bar Code Murnber
Clear | ’V 55535 ‘

Print | Current Calibration File Location Address

IC:\Documams andd Settingstaluzzil Wpplication DateHotSpot SOFIDLER W urr et fid

FIDLER Calibration Example

A FIDLER will be used to survey a contaminated area following a recent event involving weapons

grade plutonium. No information on the plutonium mixtisravailable, but it is known that the
mixture is 30 years old.é., 30 years sincé was processedYhe following data were obtained
using the FIDLER at a grourtd-detector distance of 3fin. Determine the FIDLER calibration

constants.

Calibration D#a:

—Data Entry
Radial 60-keV Window 17 -keV Window
Positio Total, S Total, S
{cm) counts counts
0 36.835 15.048
20 | 23,118 | 8602
40 9,806 3.148
(1] 4.614 1.318
1:3 2,584 766
1.684 582
Background 750 450 Clear |
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fi" FIDLER Calib o I=]

File  About
Calibration | Mixture | Lung Screen Calibration Setup |Euuinmem 1o |

[ T51pe i ISl Courting Mode Radiological Units
& FIDLER = Scaler (6‘ Classic { rem, rad, Ci)
£ VIOLNIST " Rate Meter Sl (Sievert, Gray, By

 OTHER ¢ Lung Scree
Calibration Source ——————— ~Bample Counting Time —
Nuclide | Am-241 | 1.0 min

Activity (uCi) I 590
Self (17) I 0.600 —Source-to-detector Height —

cm
L.D. [ 22132 300
Target Mixture Selection
@ Plutonium Mixture  Other Radionuclide {e.q., cesium-137 , efc

Energy ¥indows for Calibration
’7(" 17 ke B0 ket & 17 ke and B0 ket ‘

Print |

First, alibrate the FIDLER usinthe5.9-uCi Am-241 check source. It is important to confirm the
seltabsorption characteristics of the sourfce éxamplea paper label covering the activity
material). The 6&keV gamma rays will not beppreciably attenuated in most check sources, and
the absorption factor is assumed to be 1.00, that is, $E)= 1.00. However, the 1keV x-ray
absorption factor can be significant and is required information for the FIDLER calibration unless
you are aoly interested in 6&eV measurements. If you do not know the SELF) factor, you can
always update the calibration data at a later date. In this example, we will assuke\VasErF
absorpton factor of 60%, that is, SELE7) = 0.60. In other words066 of the 17keV xrays

emitted and directed towards the FIDLER detector reach the defBotyefore40% of the

X raysare attenuated by the source itself. The FIDLER code assumes a constant thickness of
Aover burdenod mat er i adource and autoinaidally ddjusts the incréaseéen ¢ h
selfabsorption path length as the FIDLER is position at increasing radial distances during the
calibration procedure.
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After input of the above information, the calibrati@sults arelisplayedas follows

" Teseor [seew [zeeor [1aeor [ [ e [oar [ 36

L skt [eoez [t7eor [saeez [ w0 [wow [os0 [67

0.0400
93.3400
6.0000
0.5800
0.0400
0.0000
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Lung Screening

HotSpob kung Screening program screens for plutonium uptake in the lung using a FWLER
similar detector. The FIDLER must be positioned above the right (kesg photon attenuation near
theheart) Body height andveight are used to estimate chestll thickness. The 68eV gamma
associated with the decay of AP41is used in determining the quantity of the plutonium mix in
the lung. The limit of sensitivity is seldom below several lung burdens. However, thisaghaar
adequate for emergency screening whenlmwel counting facilities are not available.

Counting (right lung)

FIDLER I. J' Lung

oS Scaler \\\_‘L ao}m

Am-241 Check source
calibration

Figure 5.4. Lung screening using a FIDLER and calibration of a detector

The60-keV gamma rays are attenuated by the chest wall. Thewh#ghickness is pproximated
using the following empirical equation (Krueim, et al., 1990):

m
t=01 1GE 020C (Eq.1)

Where,
t = chest wall thickness (cm),
m = mass of person (kg),
h = height of person (m).

The standard deviation of the estimated chest thickness ispproximately 15% for values in the
range of 20 4 centimeters. The standard deviation rapidly increases for thickness values outside
this range. It is assumed that teestwall is 100% muscle, which is conservative (more
attenuation b60-keV photons)Fort<0.5 cm the chestvall thickness is assumed to be 0.5 cm.
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The counting efficiency for AR241 deposited in the lung was determined using a Humanoid
Syst emso
a unifom distribution of Am241 (available from Radiology Support Devices, Inc., Long Beach,
California). Figure2 shows the count rate aguamction of the chestvall thickness. The data are

well represented by the following exponential equation:

Lawrence

Li ver more Nat

i onal

Am-241 Efficiency (cpm/uCi)

35000

30000

25000

20000

15000

10000

5000
000

Am-241 Lung Phantom

AN

y = 4.46E+04e 27050
R® = 9.99E-01

AN

.

T

T~

Fig. 2. Chest wall thickness (cm)

Labor at

The aboveefficiency (cpm per uCi of ArR241 deposited in the lung), is normalized to a simple
onepoint calibration using an Ar841 check source positioned 30 cm below the FIDLER as shown
in Figure 1. This accounts for variations in different FIDLER configuratitivad,is window

thickness, electronic setup, etc. Thec®@ calibration count rate for the FIDLER used in the lung
calibration was 8,700 cpm per uCi Ai-241. Therefore, the normalized equation for efficiergy,

IS:

e= 4.46x107(

‘check” "p o~ 0-279t

8.70x10° A

check

e=5.13(

r —r
check p )é—0279t

check

(Eq.2)
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Where,
I'check= COuNt rate with Arr41 check source positioned at a detector distance of 30 cm

(cpm),

rp, = background count ratepm),

Acheck= activity of Am-241 check source (uUCi),
t = chestwall thickness (cm).

The Limit of Sensitivity (LOS) is reported with a Type 1 and Type 2 error (alpha and beta) equal to
0.05. The following determines the LQSurrie, 1975)

27+ 4.65,/ M/ ts _ (Eq.3)

LOS= |
s, HC

If the lung screen results exceed the LOS, the standard deviation of the results is:

100 [/t 1y / t
sdev _ J/tst b/t

, HCI (Eq.4)
s Ty

Where,
r, = background count rate (cpm),
ts= sample counting time (min),
e = counting efficiency (cpnpCi jung),
t, = sample counting time (min).

5-25



Hot Spot User s Gui de 5. Special Purpose Programs

Lung Screening Example

Three individuals weravolved in an accident involving weapegsade plutonium. No

information on the plutonium mixture is available. However, the age of the mixture is known to be
approximately 30 years. Using a FIDLER and alPSASCAL scaler, screen the three people for
possible plutonium deposition in the lung.

Am-241 check source: counting time 1 minute, 36,835 counts
Background: counting time 5 minutes, 3,750 counts

Subject Counting time | Counts Height Weight
Roxanna Luna | 5 minutes 4,500 5ft8in. 120 Ibs
Robert Wills 5 minutes 3,950 6ft2in. 165 Ibs
Jovian Callisto | 5 minutes 3,800 5ft8in. 155 Ibs

From the mairHotSpotmenu,SeLECTMODELS under Special Purpose Prograamsl click onthe
FIDLER Calibration& Lung Screening button.

The following screen will appeaNote: The default FIDLER examphill be displayed However,
because the last FIDLER calibration will always appear, the default example may not be displayed
in your current configuration.

M FIDLER Calibration =0l x|
File  Ahbout
Ca\lbrat|0n| Mlxture| Lung Screenl Calibration Setup Equipment 1.0

—Detectar Infarmation

Calibration Date Manufacturar
| August 05, 2001 ’7 I Harshaw

Maodel Murnber

MName
| John Doe

”Serial Mumber

i Calibration Motes 66776

w
=)

This is an actual FIDLER Bar Code MNumber
calibration, and the values are

typical of most FIDLER
configurations. —Survey Meter Information
" anufacturer

333

Eberline

ESP2 ‘
Serial Number ‘

"Model Mumber

33425

Bar Code Murnber
’7 55555

Clear

Print Current Calibration File Lacation Address
IC:\DDcuments and Settingshaluzzil Wpplicstion DataHotSpot 30FIDLER \current. fid |
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Under theCalibration Setup tab,SELECTLUNG SCREENuUNder theCounting Mode frame. The
following screen will appear:

ClickontheNamet e xt box and t y.paestah ke addadidg temytSé&reen n a me
Notesbox. Select the correct height and weight of the subject. You can either directly type the data
or use the pullown scroll boxes. Then click on the remaining white boxes and follow the data
input prompts.

9.4E+00 rem
2.5E01 rem
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Lung Screen Information for Roxanne Luna
Subject Name: Roxanne Luna

Subject height: 5 ft. 8 inches

Subject mass: 120 lbs.

Lung screen notes: (Place screening notes here.)
Background counting time: 5 minutes
Background counts: 3,750

Check source counting time: 1 minute
Check source counts: 36,835

Lung counting time: 5 minutes

Lung counts: 4,500

Lung Screening Results

Detector efficiencydpm/uCi of Am241 in lung): 2.08E+04 cpm/u®©f Am-241 in lung
Detector efficiency (percent).53%

Chestwall thickness ¢entimeters 1.5 cm

Net lung counts750

Am-241 activity deposited in lung (UCi): 7 pCi

Mixture activity deposited in lung (LCi%5 pCi

Mixture activity deposited in lung sdev (percent): 12%
LOS Am-241 in lung (UCi): 2.9 pCi

LOS mixture in lung (UCi): 17.8 uCi

FGR-11 50year CEDEMix (rem): 5.3E+01 rem
FGR-13 3-year CEDEMix (rem): 9.4E+0Qem

Acute lung dose equivaleMix (rem): 2.5E01 rem

To output a text file containing all of the lung screening information, click the Text Out button. The
following file information will appear:

Subjet¢ name Roxanne Luna
Report date January 20, 2005 09:50 AM
Calibration date August 05, 2001
Target mix Plutonium mixture
Radionuclide Am-241

Detector barcode number 333

Meter barcode number 55555

Detector manufacturer Harshaw
Detector model number 35

Detector serial number 66776

Meter Manufacturer Eberline

Meter Model Number ESP2

Meter Serial Number 33425

Check Source I.D. 22132

Calibration Date August 05, 2001
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Calibrated by John Doe
Check Source Activity (uCi) 5.900E+00
Check Source TKReV Self 6.000E01
Lung Counting Time (min) 1.000E+00
Plutonium mixture initial {fe:0) 0
information Mixture age (years)

Pu-238(%) 0.0400
Pu-239(%) 93.3400
Pu-240(%) 6.0000
Pu-241(%) 0.5800
Pu-242(%) 0.0400
Am-241(%) 0.0000
Instrument Type FIDLER
Window option Only 60 keV
Units Classic

This is an actual FIDLER calibration, and the values are typical of most FIDLER configurations.

Detector Calibration Results

Plutonium Mixture Current Information: | 30.00

Mixture Age (years)

Pu-238(%) 0.0316
Pu-239(%) 93.2594
Pu-240(%) 5.9809
Pu-241(%) 0.1362
Pu-242(%) 0.0400
Am-241(%) 0.4309

Alpha Specific Activity (Ci/g 0.0918 curie/g
Total Specific Activity (Ci/g 0.2320 curie/g
60-keV Detector Efficiency (cpmyg/nt)) | 4.6E+01
60-keV Detector Efficiency 5.0E+02
(cpm/(uCi/m2))

60-keV Detector Areal LOS (@i/m° 1.3E01
60-keV Detector Point LOS (i) 2.6E01
60-keV Detector Background Rate (cpm)| 750.000
60-keV Detector Check Source Rate (cpr 36,085
60-keV Detector KFactor(m®) 0.51

60-keV Detector KFactor sdev(%) 3.6
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Percentile Dose Option Using Historical Meteorological Data

This module calculates the 9%ercentile of the dose distribution for up to 20 radial centerline
distances in each of 16 wind direction sectors (direction dependent), and all 16 sectors (direction
independent)The wind direction sectors are each 22.5 degrees and the sectoringretieeme is
shown in the following compass diagram.

Default percentile values are®®d", 95" 99", and 99.5. Users may select other percentile
values as needed (80 100"). HotSpot inputs a sequential file of up to 5 years of hourly
meterological observation@vind speed, direction, stability classificatioapd either determines
the percentile datasinganintermediaryJoint Frequency Distribution (JFD) directly calculaes
the dose value fagachhourly observation (EHQ)The JFD rmethodlogyis much faster thathe
fbrutef o r EHE® dnethodologyThe JFD use8 wind speed groups, and users can change the
wind groupparameters

Any of the HotSpot atmospheric dispersion models can be used for determination of the percentile
dose valus. With the exception of wind speeslind direction and stability classificatigrall of the
selected scenario parameters will be used in the calculation. The wingdwpekdirection and
stability will be input from the selected meteorological dale fi

—Atmospheric Dispersion Models

" Plutonium Explosion " Plutonium Fire " Plutonium Resuspension

" Uraniurm Explosion " Uranium Fire ¢~ Tritium Release

T General Explosion ~ General Fire T~ General Resuspension

& General Plume
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start the Percentile Dose Option, <click o

To
AOut puto for m.

View Saved Table Output Files

Save Table Output
Ground Deposition Graph

Table Output |7 Acute Dose Graph

g
J |

Acute Dose Contour Plot
Ground Deposition Contour Plot

J

e

by

A confirmation box will app eRBercenti&SRseOption A Ye s O

The PercentileDose Option form will be displayed with the current wind group paramatels
percentile valuesThe currently selected meteorological file is displayed in the form header
(AExampl eSequenti al Data.inpo), along with th
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File
— Total Effective Dose Percentile Values

Percentile-A Percentile-B Percentile-C Percentile-D Percentile-E
L 50 th —‘L 90 th —‘L 95 th —‘L 99 th —‘L 99.5 th —‘

HotSpot Default Yalues | Create Percentile Table |

™ “Write All sorted Frequency Data to Disc
[T Calculate Individual hourly data (Mo wind grouping)

=Wind Speed Groups
o DI Accept | Display JFD |
Wi1: | 050 | Group1:W1l< u==W2 o :
wz: [ 100 | Group2:W2< u<=Ws3 G| Change Wind Group |
: G 3:W3e ue=W14 Defaults |
e [ Gmup 4 ;W4 . W5 tet Data Input Format
Wi : 3.00 roup 4 : 2 ye=
Ch
ws5: | 4.00 @ Group5:W5< u<=Wb T_qel
W6: | 500 Group6:WB< u<=W7 MACCS2 - wind FROM sector E
Wr: | 6.00 Group 7 : W7 < u <= W8
W8 : 8.00 Group 8 : u = W8

When HotSpots run for the first time, an exampieeteorological datéle is automatically loaded.
The file is actual hourly meteorological data for the year 2000 &itseDe par t ment of
Savannh River Site(SRS) To use other met data files, place thenthe HotSpot sufolder

A Me t DMateahe ourrent version of HotSpot only inputs hourly sequential data in the format of
the example filerhaximum time period of 5 yegrd-uture versions of HotSpuiill incorporate
additional formats
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Folders % | Mame =« : : |
5 e 4567 (C) ;I |ii] Exarnple SeguentialData.ing

I ATI
3 CamDir
I Config.hsi

= = Docurments and Settings
= ) usermame
= = Application Data
Bl I HotSpot3l
= FIDLER
=) GPS
=) Maps
2 MetData
= Output
= QC Data
) Scenaro
3 Userbdix =

TheWindows XP location of the example meteorological data file is displayed above.
For Windows 7, Vista and later systems, this folder is located in the location:

C:\ (or corresponding drivé)serdo u s e r \AppDatdBoamingHotSpot3WMetData
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HotSpot Meteorological Input File Format

The megorologicaldata are in the following format:

Day, hour, wind sector (16), windspeed (tenths of 1 m/s), stability TLA-G), rainfall (mm/hr).
One year of hourly data consist of 8, ftservationsFor examplethe last entry of the ye&s

interpreted as follows.

36524 6603 0

Day: 365

Hour: 24

Wind sector: 6 (wind coming
Wind speed: 6.0 m/s
Stability: 3 (©)

Rain: 0 mm/hr

from ESE)

(columns 4, 5, 6)
(columns 8,9)
(columns 11 , 12)
(columns 13,14,15 )
(column 16)

(columns 18, 19)

Thesedata must be in the specific columns shown below. Note that there are no spaces separating
wind speed and stability classificatidke f er t o t he actual sampl e f

£ ExampleSequentialData.inp - Notepad
File Edit Format Wiew Help

Example MAaAZs Meteorological Input data File, wWIMD FROM ZECTOR
Adjusted for 10m wind speed, unadjusted for stability, leap yea

314
104
1tE
155
244
304
155
265
236
282
15z
2 04
345

Lo o T e o e s e o o

1
1
1
1
1
1
1
1
1
1
1
1
1
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HotSpot als@cceptdMACCS2 fileswith the following formatEither format is automatically

handled.

I ExampleSequentialData.inp - Notepad
File Edit

2003

Stati

001
001
001
001
001
001
ool
001
001
001

Farmak  Wiew

oo

01
0z
03
04
03
06
o7
08
05
14

W L3 B D LD

[ I S R

21

130136000
110186000
090136000
070186000
070226000
070136000
070226000
080226000
080228000
080225000

140135000
140055000
1200585000
120056000
150056000
040056000
080045000

Help
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Note: Two wind direction options are supported by HotSpot, a MACCS2 format with the wind
directionfrom the specifiedsectorand wind directiortowards the specified sectorThedesired
option is selected via a pull down menu that appears whelCtamgje" buttonshown belowis
clicked. The MACCS2 code always assumes the wind is blotongrdsthe sector.

File: C:A\Documents and Setti
File
 Total Effective Dose Percentile Values

Percentile-A Percentile B Percentile-C Percentile-D Percentile-E
’7| 50 th —V] 90 th —”7| 95 th W’} 99 th —Vr| 99.5 th —‘

HotSpot Default Walues | Create Percentile Table |

™ ‘Wite All sorted Freguency Data to Disc
™ Calculate Individual hourly data (Mo wind grouping)

~Wind Speed Groups
-1 I Accept | Display JFD |
Wi : 0.50 Group 1: W1 < u=<=W2 E :
W2: [ 1.00 | Group2:WZ< u<-W3 | Caucsl Change Wind Group |
W3: | 2.00 Group 3: W3 < u=<=W4 Defaults -
Wi | 3.00 Group 4 : Wi < u<=W5
Ch
wWs5: | 400 | Group5:W5< u<=W6 ange I :
W6 : [ 500  Groupb:Ws< u<=Wr (MACCS2 —wrttld FROM sector |
W7 : | 600 @ Group7:W7< u<=Ws
ws: | 8.00 Group 8 : u > W8

The followingtwo options appear. Note: If you are . sMACCS2 compatible input fileshe wind
direction istowards the specified sectom this example, it is assumed the wind is confiog the
sector. Seledhe desired option and apply by clicking tf¥ocessMet Data File" button.

Met Data Input Format

Process Met Data File |

MACCS?2 - wind FROM sector =]

MACCS2 - wind FROM sector
MACCS2 - wind TOWARD sector

Met Data Input Format

@ess Met Data File
MACCS2 - wind FROM sector v

MACCS2 - wind FROM sector
MACCS2 - wind TOWARD sector
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The HotSpotloint Frequency Distributiod ED) for this specifioneteorologicatlata file can be
di spl ayed by sel ebutanng t he ADi splay JFD

File: C:A\Documents and Se
File
— Total Effective Dose Percentile Values

Percentile-A Percentile-B Percentile-C Percentile D Percentile E
’7| 50 th W’] 90 th W’} 95 th —‘L 99 th —‘L 99.5 th —‘

HotSpot Default Values | Create Percentile Table

I~ Write All sorted Frequency Data to Disc
[~ Calculate Individual hourly data (No wind grouping)

TWind Speed Groups
WOl o0 Group BRI Accept | Display JFD |
Wi: | 050 | Group1:Wi< u<=W2
Cance] e 8

100 | Group2:W2=< u<=W3 ST

SW3< u<= Defaults
2.00 Em"'p : x: u m: Miet Data Input Farmat
3.00 roup 4 : Wi < u<= |
Ch
4.00  Group5:W5< u<=W6 -
=0 Group 6 : W6 < u <= W7 MACCS2 - wind FROM sector j

.00 | Group 7 : W7 < u<=W8
8.00 Group 6 ; u > W8

ESE552358

The 8,760 observations are displayed into the 9 wind ggreegs ¢roups0-8), 7 stabilityclasses
(A-G) for each of the 16 compass sectord ). Each of the 1,00@ble valuesepresentshe
percentage of the total observations in the specified wind speed group, stEskandwind
directionsector.For example, the lgh-lightedvaluebelow indicates that 0.034% of the 8,760
observations are in wind speed group 1 (greater than 0.5 m/s and less than or equal to 1.0 m/s),
stability class A, and the wind direction values @mingfrom the 22.5 degree sectoentered on

the East (sector 5).
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HotSpot JFD Format

HotSpot Version 3.0 General Plume

Dec 17, 2012 02:09 PM

Met File:C:  \ Documents and Settings \ homann1\ Application Data \ HotSpot 30\ MetData \ ExampleSequentialData.inp

Meteorological Input file processed as MACCS2 - wind FROM sector
Wind Speed Groups Group Frequency
Group 0: 0.10 <= u<=0.50 0.26 %
Group 1: 0.50 < u <= 1.00 1.03 %
Group 2: 1.00 < u <=2.00 15.58 %
Group 3:2.00 < u <= 3.00 35.63 %
Group 4: 3.00 < u<=4.00 28.65 %
Group 5: 4.00 < u<=5.00 12.19 %
Group 6: 5.00 <= u <= 6.00 4.36 %
Group 7: 6.00 < u < =8.00 2.03%
Group 8: u>8.00 0.26 %
Total Sum: 100.00 %
Compass Direct ion the Wind is coming FROM Row
GSC N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum
0 A 0.000 0.000 0.000 0.000 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.05
0B 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.0 00 0.011 0.000 0.000 0.000 0.000 0.000 0.000  0.023 %
0 C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.091 0.011 0.000 0.000 0.000 0.000 0.000 0.10
0D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O .000 0.057 0.023 0.000 0.000 0.000 0.000 0.000 0.080 %
0 E 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.00
O F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 %

0 G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00

Col

Sum 0.000 0.000 0.000 0.000 0.023 0.034 0.000 0.000 0.000 0.160 0.034 0.000 0.000 0.000 0.000 0.011 0.26

7%

3%

0%

0%

3%

1A 0.011 0.068 0.023 0.011 0.034 0.080 0.057 0.023 0.000 0.046 0.046 0.114 0.011 0.068 0.080 0.091  0.765 %

1B 0.023 0.000 0.011 0.000 0.000 0.000 0.034 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.114 %
1C 0.011 0.000 0.011 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.023 0.000 0.000 0.000  0.05

1D 0.000 0.011 0.000 0.000 0.000 0.000 0.0 00 0.000 0.000 0.011 0.000 0.000 0.000 0.011 0.011 0.011  0.057 %
1E 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.011 0.000  0.02

1F 0.000 0.000 0.000 0.000 0.000 0.000 O .000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011%

1G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.00

Col

Sum 0.046 0.080 0.046 0.011 0.034 0.080 0.091 0.068 0.023 0.057 0.057 0.114 0.034 0.080 0.103 0.103  1.02

7%

3%

0%

7%

2 A 0.400 0.388 0.502 0.537 0.731 0.616 0.502 0.582 0.457 0.502 0.434 0.502 0.559 0.331 0.468 0.400 7.91

2B 0.068 0.011 0.126 0.103 0.148 0.046 0.046 0.046 0.194 0.160 0.126 0.091 0.034 0.057 0.103 0.103  1.461 %
2 C 0.068 0.068 0.137 0.046 0.103 0.114 0.080 0.103 0.103 0.114 0.080 0.046 0.080 0.046 0.080 0.057 1.32

2D 0.103 0.068 0.057 0.080 0.103 0.068 0.137 0.068 0.034 0.034 0.126 0.034 0.046 0.023 0.034 0.126  1.142%
2E 0.217 0.388 0.205 0.205 0.160 0.114 0.194 0.194 0.011 0.103 0.217 0.103 0.126 0.194 0.274 0.274  2.97

2 F 0.034 0.034 0.068 0.068 0.0 34 0.034 0.046 0.046 0.000 0.126 0.057 0.000 0.046 0.068 0.057 0.046 0.765 %

2 G 0.000 0.000 0.000 0.023 0.000 0.000 0.034 0.011 0.023 0.000 0.000 0.000 0.000 0.023 0.034 0.000 0.14

Col

Sum 0.890 0.959 1.096 1.062 1.279 0.993 1.039 1.050 0.822 1.039 1.039 0.776 0.890 0.742 1.050 1.005 15.73

1%

4%

9%

8%

%

3 A 0.457 0.571 0.708 0.947 0.925 0.925 0.502 0.377 0.616 0.674 0.651 0.731 0.559 0.491 0.377 0.388 9.89

3B 0.240 0.194 0.263 0.365 0.228 0.171 0.080 0.171 0.377 0.331 0.217 0.365 0.263 0.080 0.160 0.171  3.676 %
3C 0.308 0.342 0.365 0.388 0.274 0.354 0.148 0.091 0.400 0.320 0.662 0.616 0.251 0.183 0.365 0.114 5.18

3D 0.662 0.628 0.582 0.388 0.457 0.525 0.411 0.263 0.126 0.365 0.788 0.354 0.377 0.342 0.320 0.388 6.975%
3 E 0.947 0.845 1.062 0.674 0.388 0.331 0.240 0.160 0.068 0.616 0.457 0.388 0.274 0.400 0.377 0.616 7.84

3F 0.160 0.183 0.1 26 0.160 0.080 0.080 0.137 0.057 0.080 0.297 0.091 0.057 0.057 0.183 0.034 0.126  1.906 %

3G 0.000 0.000 0.000 0.011 0.000 0.000 0.011 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.03

Col

4 A 0.274 0.377 0.365 0.605 0.616 0.651 0.171 0.240 0.285 0.365 0.365 0.377 0.228 0.285 0.183 0.057 5.44

4B 0.114 0.274 0.285 0.468 0.468 0.342 0.160 0.057 0.422 0.228 0.331 0.320 0.228 0.114 0.091 0.057 3.961 %
4 C 0.240 0.342 0.434 0.559 0.491 0.400 0.183 0.137 0.297 0.422 1.107 0.594 0.365 0.183 0.274 0.171 6.19

4D 1.187 1.107 0.868 0.856 0.662 0.525 0.308 0.126 0.103 0.457 1.039 0.502 0.422 0.400 0.457 0.742  9.760 %
4 E 0.388 0.365 0.342 0.331 0.194 0.160 0.080 0.046 0.011 0.240 0.171 0.114 0.183 0.148 0.137 0.263 3.17

4F 0.0 11 0.023 0.000 0.000 0.023 0.011 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000  0.080 %
4 G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00

col
Sum 2.215 2.489 2.295 2.820 2.454 2.089 0.902 0.605 1.119 1.712 3.025 1.906 1.427 1.130 1.142 1.290 28.62

5A 0.126 0.171 0.217 0.263 0.160 0.091 0.091 0.080 0.171 0.137 0.103 0.046 0.091 0.057 0.046 0.023  1.87
5 B 0.137 0.114 0.285 0.377 0.331 0.251 0.103 0.103 0.308 0.251 0.160 0.205 0.068 0.103 0.034 0.046  2.877
5C 0.308 0.148 0.217 0.365 0.400 0.422 0.183 0.046 0.057 0.331 0.879 0.217 0.080 0.103 0.183 0.148 4.08
5D 0.616 0.194 0.365 0.148 0.126 0.228 0.023 0.000 0.011 0.137 0.263 0.068 0.057 0.011 0.103 0.468 2.82
5E 0.103 0.080 0.046 0.034 0.000 0.000 0.000 0.000 0.011 0.046 0.011 0.068 0.046 0.023 0.011 0.057 0.53
5F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.00
5G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0

Col
Sum 1.290 0.708 1.130 1.187 1.016 0.993 0.400 0.228 0.559 0.902 1.416 0.605 0.342 0.297 0.377 0.742 1

7%
3%
2%

4%
%

5%
9%
4%

0%
%

2%

%
7%
0%
7 %
0%
00 %

219%
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6 A 0.034 0.023 0.057 0.091 0.080 0.103 0.023 0.034 0.068 0.023 0.011 0.011 0.000 0.000 0.000 0.034 0.594 %
6B 0.057 0.046 0.148 0.320 0.205 0.205 0.046 0.023 0.091 0.103 0.114 0.023 0.023 0.023 0.000 0.034 1.46 1%
6C 0.171 0.034 0.160 0.160 0.194 0.308 0.171 0.034 0.011 0.103 0.320 0.103 0.103 0.068 0.080 0.057 2.078 %
6D 0.080 0.000 0.057 0.000 0.000 0.000 0.011 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.011 0.057 0.22 8%
6 E 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00 0 0.000 %

6 F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00 0%
6 G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 %

Col

Sum 0.342 0.103 0.422 0.571 0.479 0.616 0.251 0.091 0.171 0.240 0.445 0.137 0.126 0.091 0.09 1 0.183 4.361%

7 A 0.011 0.023 0.011 0.023 0.011 0.023 0.000 0.011 0.023 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.148 %

7B 0.034 0.023 0.080 0.171 0.263 0.194 0.000 0.011 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.011 0.79 9%
7 C 0.091 0.057 0.091 0.114 0.137 0.320 0.046 0.023 0.000 0.011 0.023 0.011 0.011 0.034 0.023 0.023 1.016 %

7D 0.046 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011  0.06 8%
7 E 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0 00 0.000 0.000 0.000 %

7 F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00 0%
7 G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O .000 0.000 0.000  0.000 %

Col o
Sum 0.183 0.114 0.183 0.308 0.411 0.537 0.046 0.046 0.023 0.011 0.034 0.023 0.011 0.034 0.023 0.046 2.032%

8 A 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O. 000 0.000 0.000 0.000 0.011 %

8B 0.011 0.000 0.034 0.011 0.068 0.046 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.17 1%
8 C 0.011 0.000 0.011 0.000 0.011 0.034 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.068 %

8D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.01 1%
8 E 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 %

8 F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00 0%
8 G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0 00 0.000 0.000 0.000 0.000 0.000 %

Col _
Sum 0.023 0.000 0.046 0.011 0.091 0.080 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.263 %

Col

Sum 7.763 7.215 8.322 8.904 8.139 7.808 4.258 3.208 4.395 6.724 8.916 6.073 4.612 4.053 4.418 5.194 100.00 %

The defaultHotSpotmethodologyfirst convers the hourly annual mebrologicaldata(8,760

hourly observationk into a JFD and then uses the JFD to calculated the sorted cumulative
frequency distribution and percentile valu€s.prevent a cumulative frequency distribution with 9
plateaus (for each of the 9 wind speed group), the group wind speed values used in the dose
calculation are randomly generated within each wind speed group. The same initial random numbe
seed is usesrepeated analyses produce identical results.

Since the JFDnethodologyuses9 wind speed groups, 16 wind directions, and 7 stability
classifications A-G), the 8,760 observations are reduced to 1¢gd08ped observation$his

reduces the numbef do calculatiors and sorting time required for generating the cumulative
frequency distribution and percentile dose date computer time saving éspeciallyapparentf

5 years of hourly data are analyzed (43,800 observations). A comparison [EDtasd EHO
methodologies is shown below for a radial distance of 1.0 lktthve JFD methodology issedthe
output includes the wind speed groups and percentage valoes.the EHOnethodology uses

each actuabbservationthe wind speed grougata are irrievant. In this example, the JFD

percentile values are all withitD % of the EHO valuesThe JFDmethodologycan be used for

initial scoping of aelease scenario followed hyet more accurate EHO methodologyground

level plutonium239 release was sgt in HotSpot to demonstrate the JFD and EHO methodologies.
This example release scenario will also be used to compare MACCS2 and HotSpot percentile
calculations. As shown below, only thé&rh (D 5), is checkeththema i n Hot Spot fARe
form. Consequently only this distance will be used in this example calculatidwenty distances

can be selected.
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If you would likeindividual tables of the sorte@lotal Effective DoseTED), data for all sectors and

radial distancesheckt h@/r it e
the ACreat e

Al

Percent i

File

sorted
e Tabl

e .

Eheck lopx ior o glickDb@ t a

0]

— Total Effective Dose Percentile Values

Percentile-E

95 th

Percentile-A Percentile-B Percentile-C
L 50 th WL 90 th WL

|

[ 99.5th

]

HotZSpot Default Walues |

Create Percentile Table

™ Write Al sorted Freguency Data to Disc
[ Calcila 0 wind grouping)

=Wind Speed Groups

I ATI
I CamDir
I Config Msi
= 2 Documents and Settings
= ) username
= 15 Application Data
= ) HotSpot3
I FIDLER
) GFS
i) Maps
I MetData
) Cutput
I QC Data
I Scenario
I Userbdix

W : 0.10 Group 0 : WO <=u <= W1 Accept | Display JFD |
Wi: | 0.50 Group 1:W1< u<=W2 E I -
wz- | 100 | Group2:W2< u<-W3 | camee Change Wind Group |
. Gi 3:W3 = W4 Defaulis
o 200 Gmup 4w - G Met Data Input Farmat
wi: | 3.00 roup 4 : Wi < u<=
ws: | 200 | Group5:W5< u<=W6 Change I
W6: [ 500  Group6:W6< u<=W7 MACCS2 - wind FROM sector =
W7 : | 6.00 Group 7 : W7 < u<=W8
W8 - 8.00 Group 8 : u > W
= 4§ Computer
= e 4507 ()
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All of the files are stored in the AOutputo
For later systems (Windows Vista, 7, etc), the HotSp@utput folder will be located as follows:

C:\ (or appropriatedrive)\User§o u s e r \AppDa&\BoamingHotSpot30Output

When HotSpot completes the percentile calculatithresfollowing table is displayed. The table
includes a summary of the release scenario and wind speed groups anagercktutal
observations withieach group. The Total Effective DoG&ED) valuedor each of the 5
percentils aredisplayed for each of thadividual wind direction sectors (direction dependent
values) and all sectors (direction independént)his table Compass Direction is theif@ction the
Wind/Plume is movingowards For examplethe oF" percentile TED for the 22.5 degree wind
direction sector towards thidorth (sectorl), is2.17rem. In other words, the TED in secfioat a
radial downwind distance of 1 kmould excee®.17 rem in only 5% of the hourly meteorological
observations. The 85percentile TED for all sectors (full 360 degree direction indepencdng
is4.14rem.Thereforge the TED in any compass direction at a radial downwind distance of 1 km,
would exceed 44 rem in only 5% of the hourly meteorological observations.
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JFD Methodology

HotSpot Version 3.0 General Plume
Dec 17,201 2 02:13 PM

Met File:C:  \ Documents and Settings
Meteorological Input file processed as MACCS2

\ user \ Application Data

Source Material :Pu -239 M 24065y

Material - at - Risk : 1.0000E+00 Ci
Damage Ratio :1.000

Leakpath Factor :1.000

Airborne Fractio n :1.000
Respirable Fraction 1 1.000

Respirable Release Fraction: 1.000

Wind Speed Ref. Height :2.0m

Respirable Dep. Vel. :1.00 cm/s

Non- respirable Dep. Vel. :8.00 cm/s

Receptor Height :0.0m

Inversion Layer Hei ght : None

Sample Time : 10.000 min

Breathing Rate :3.33E - 04 m3/sec

FGR 13 Dose Conversion Data - Total Effective Dose (TED)

Wind Speed Groups Group Frequency

Group 0: 0.10 <= u <= 0.50 0.26 %
Group 1: 0.50 < u<=1.00 1.03 %

Group 2: 1.00 < u<=2.00 15.58 %

Group 3: 2.00 < u<=3.00 35.63 %

Group 4: 3.00 < u<=4.00 28.65 %

Group 5:4.00< u< =5.00 12.19 %

Group 6: 5.00 <= u <= 6.00 4.36 %

Group 7: 6.00 < u <=8.00 2.03%

Group 8: u>8.00 0.26 %

Total Sum: 100.00 %

Compass Direction is the Direction the Wind/Plume is Moving Towards

\ HotSpot 30\ MetData \ ExampleSequentialData.inp

- wind FROM sector

[Sector Centerline Distance of 1.000 km]

Total Effective Dose (TED) Percent iles
Compass Compass 50.0 90.0 95.0 99.0 99.5
Sector Direction (rem) (rem) (rem) (rem) (rem)

1 N 3.41E -01 1.48E+00 2.17E+00 5.24E+00 5.81E+00
2 NNE 5.39E -01 3.40E+00 5.27E+00 6.15E+00 6.21E+00
3 NE 6.80E -01 3.10E+00 3.39E+00 6.22E+00 6.30E+00
4 ENE 5.48E -01 2.69E+00 3.32E+00 4.28E+00 5.26E+00
5 E 5.36E -01 2.89E+00 3.55E+00 5.36E+00 5.84E+00
6 ESE 7.02E -01 3.80E+00 5.60E+00 6.31E+00 6.33E+00
7 SE 7.90E -01 3.63E+00 3.83E+00 5.08E+00 5.62E+00
8 SSE 1.37E+00 3.28E+00 3.97E+00 5.72E+00 6.04E+00
9 S 1.31E+00 3.41E+00 3.71E+00 6.23E+00 6.24E+00

10 SSW 1.25E+00 3.28E+00 4.01E+00 6.27E+00 6.31E+00

11 SW 8.88E -01 3.24E+00 3.31E+00 6.20E+00 6.26E+00

12 WSW 443E -01 3.44E+00 3.93E+00 5.91E+00 6.10E+00

13 W 3.21E -01 2.87E+00 3.58E+00 5.87E+00 6.15E+00

14 WNW  3.53E -01 2.36E+00 3.27E+00 5.75E+00 6.02E+00

15 NW 529E -01 3.65E+00 4.18E+00 6.27E+00 6.31E+00

16 NNW  4.22E -01 3.67E+00 4.09E+00 5.80E+00 6.09E+00

1-16 ALL 6.42E -01 3.43E+00 4.14E+00 6.31E+00 6.35E+00
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To calculate the percentile tableuseachh our 'y obser vat iGaoulag EHO) ,
Individual hourlydata No wind groupingd c he.c k b o X

File
— Total Effective Dose Percentile Values

Percentile-A Percentile-B Percentile-C Percentile-D Percentile-E
’V| 50 th —”7| 90 th W’] 95 th —VV| 99 th —‘L 99.5 th —‘

HotSpot Default Values | Create Percentile Table |
™ White All isc
Calculate Individual hourly data (Mo wind grouping
TWind Speed Groups
Wo: | 0.0 | Group 0: WO <=u<=W1 Accept | Display JFD |
Wi ; 0.50 Group 1: W1< u<=W2 = 0
Cance | i
oy 1.00 Group 2 : W2 < u<=W3 Change Wind Group |
, G 3:W3< u<=Wi4 Defanlts |
W3 200 Gmup a2 " . et Data Input Format
a roup 4 : < us<=
e : 3.00 P Tngel
W5 : 4.00 Group 5: W5 < u<=W6 - .
We. [ 500 Group6:We< u<W7 MACCS? - wind FROM sector =]
Wi 6.00 Group 7 : W7 < u<=W8
W8 : 8.00 Group 8 : u = Wa

The EHO process requires more time, and after HotSpot completes the calculations, the following
tableis displayed.When using the HotSpot default wind speed groupings, the JFD results are all
within 10%of the EHO valuesThe JFD methodology can biged for initial scoping of a release
scenario followed byhe more accurate EHO methodology.
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EHO Methodobgy

HotSpot Version
Dec 17,201 2 02:22 PM
Met File:C:

\ Documents and Settings

3.0 General Plume

Meteorological Input file processed as MACCS2

Source Material

:Pu -239 M 24065y

\ homann1\ Application Data

\ HotSpot20 \ MetData \ ExampleSequentialData.inp

- wind FROM sector

Material - at - Risk : 1.0000E+00 Ci
Damage Ratio 1.000

Leakpath Factor 1.000

Airborne Fraction 1.000

Respirable Fraction :1.000

Respirable Release Fraction: 1. 000
Wind Speed Ref. Height :2.0m
Respirable Dep. Vel. :1.00 cm/s

Non- respirable Dep. Vel. :8.00 cm/s
Receptor Height :0.0m

Inversion Layer Height : None

Sample Time :10.000 min
Breathing Rate 3.33E - 04 m3/sec
FGR 13 Dose Conversion Data - Total

Effective Dose (TED)

Compass Direction is the Direction the Wind/Plume is Moving Towards

[Sector Centerline Distance of 1.000 km]
Effective Dose (TED) Percentiles

Total

Compass Compass 50.0

Sector Direction

(rem) (rem)

90.0

95.0 99.0 99.5

(rem) (rem) (rem)

1 N 3.06E -01 1.47E+00 2.33E+00 6.31E+00 6.36E+00
2 NNE 6.24E -01 3.73E+00 6.18E+00 6.37E+00 6.38E+00
3 NE 6.60E -01 3.25E+00 3.94E+00 6.24E+00 6.32E+00
4 ENE 5.73E -01 3.12E+00 3.68E+00 4.24E+00 6.35E+00
5 E 5.99E -01 3.35E+00 3.95E+00 6.31E+00 6.36E+00
6 ESE 7.67E -01 4.05E+00 5.98E+00 6.37E+00 6.38E+00
7 SE 8.02E -01 3.82E+00 4.15E+00 6.18E+00 6.35E+00
8 SSE 1 46E+00 3.87E+00 4.22E+00 6.37E+00 6.38E+00
9 S 1.43E+00 3.66E+00 4.02E+00 6.36E+00 6.37E+00
10 SSW  1.49E+00 3.87E+00 4.15E+00 6.36E+00
11 SW 8.4l1E -01 3.66E+00 3.95E+00 6.31E+00 6.38E+00
12 WSW  4.69E -01 3.45E+00 3.95E+00 6.37E+00
13 W  3.68E -01 3.07E+00 3.73E+00 6.23E+00 6.35E+00
14 WNW  4.09E -01 257E+00 3.73E+00 6. 24E+00  6.33E+00
15 NW  5.53E -01 3.85E+00 4.29E+00 6.38E+00
16 NNW  3.85E -01 3.80E+00 4.17E+00 6.32E+00 6.35E+
1-16 ALL 6.28E -01 3.59E+00 4.02E+00 6.36E+00 6.37E+00

00
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Thefollowing figure comparsthe cumulative frequency distribution for the 1,008 JFD grouped
observations with the 8,760 EHO observations. Nbedata for theseharts are from th@bles
createdf theA Wr i t e Al | sort ed clieckéads checkegrioDactickingthe Di
ACreat e P e rbotemlfcopyirg inio MicrbsefttExcel to display the data, you will need
to remove the text lines from the table values. These lines appeaewenehe cumulative dose
values increase to the next order of magnitide 1.0E03 rem to 1.0D2 rem.

Cumulative Dose Distribution at Radial Distance of 1 km
(Sectors 1-16) JFD and EHO Methodologies

100

Cumulative Frequency (%)

Total Effective Dose (rem)
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Examplei Comparison of MACCS2 and HotSpot
A comparison of MACCS¥ersionl1.13.1and HotSpoV¥ersion 2.0Avas made using a ground
level release of plutoniur@39. The 5¢" and 95" percentile dose values fdry deposition velocities
of 0 cm/secand 1 cm/sec were calculated. The agreement between the two models was very good.

HotSpot Versior2.07 General Plum

Source Material : Pu239 M 24065y
Material at Risk : 1.0000E+00 Ci
Damage Ratio :1.000

Leakpath Factor :1.000

Airborne Fraction :1.000

Respirable Fraction :1.000

Respirable Release Fraction1.000
Wind Speed Ref. Height :2.0m
Effective Release Height :0.00 m

Respirable Dep. Vel. :0.0cm/sand 1.0 cm/s
Non-respirable Dep. Vel. :8.00 cm/s

Receptor Height :0.0m

Inversion Layer Hajht : None

Sample Time : 10.000 min

Breathing Rate : 3.33E04 m3/sec

FGR-13 Dose Conversion Datd otal Effective Dose (TED)

Note: Some dispersion models do not adjust the wind speed for release heights belafica sp
reference height. MACCS2 assumes the wind speed is equal to-thetdOreference height value

for release heights below 10 met&imce the**Purelease scenario assumes a grelenel release
(release height = @), HotSpot will adjust th&0-meter wind speed data to a height of 2 meters
(Wind speed at 2 met erisHotSpo). dmcorspard teertweodcodéisg r o u n
(usng the same wind speed values in the Gaussian equation) the HotSpot wind speed height
correction must be turned f f . To use the wind speed dat a
Heighto in HotSpot must be set to 2 meters.
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Comparison Results

1 Ci Pu-239 Unfiltered Release
50th percentile TEDs
Deposition Velocity =0 cm/s
EHO
Di Delta
istances (km) TED (rem) TED (rem) (%)
MACCS2 HotSpot 2.07
0.1 6.38E+01 6.49E+01 1.7
0.35 5.47E+00 5.49E+00 0.4
0.6 1.87E+00 1.93E+00 3.2
0.8 1.12E+00 1.11E+00 -0.9
1 7.21E-01 7.17E-01 -0.6
1.2 5.12E-01 5.09E-01 -0.6
14 3.86E-01 3.83E-01 -0.8
1.6 2.99E-01 3.00E-01 0.3
1.8 2.45E-01 2.43E-01 -0.8
2 2.03E-01 2.01E-01 -1.0
2.2 1.66E-01 1.70E-01 2.4
2.4 1.45E-01 1.46E-01 0.7
2.6 1.27E-01 1.27E-01 0.0
2.8 1.15E-01 1.12E-01 -2.6
3 9.81E-02 9.96E-02 15
3.8 6.60E-02 6.71E-02 1.7
4 6.05E-02 6.17E-02 2.0
4.2 5.62E-02 5.69E-02 1.2
4.8 4.37E-02 4.59E-02 5.0
5 4.15E-02 4.31E-02 3.9
50 th Percentile TED
1 0E+02 Deposition Velocity =0 cm/s
1.0E+01
EMACCS2
TED (rem) B HotSpot 2.07

1.0E+00 |

1.0E-01

1.0E-02 4
P P ¥ YAV A AP AP Tk R q® R PP MV ® ©

Distance (km)
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1 Ci Pu-239 Unfiltered Release
95th percentile TEDs

Deposition Velocity =0 cm/s HotSpot
EHO
Distances (km) TED (rem) TED (rem) D(oe/(l)t)a
MACCS2 HotSpot 2.07
0.1 6.29E+02 6.29E+02 0.0
0.35 5.88E+01 5.58E+01 -5.1
0.6 2.11E+01 2.05E+01 -2.8
0.8 1.36E+01 1.22E+01 -10.3
1 8.57E+00 8.29E+00 -3.3
1.2 6.19E+00 6.07E+00 -1.9
1.4 4.63E+00 4.70E+00 1.5
1.6 4.03E+00 3.78E+00 -6.2
1.8 3.19E+00 3.14E+00 -1.6
2 2.68E+00 2.66E+00 -0.7
2.2 2.38E+00 2.30E+00 -3.4
2.4 2.11E+00 2.02E+00 -4.3
2.6 1.81E+00 1.80E+00 -0.6
2.8 1.69E+00 1.61E+00 -4.7
3 1.62E+00 1.46E+00 -9.9
3.8 1.06E+00 1.06E+00 0.0
4 9.71E-01 9.89E-01 1.9
4.2 9.17E-01 9.28E-01 1.2
4.8 8.08E-01 7.83E-01 -3.1
) 7.62E-01 7.44E-01 -2.4
95 th Percentile TED
Deposition Velocity =0 cm/s
1.0E+03
1.0E+02
I MACCS2
TED (rem) H HotSpot 2.07
1.0E+01
1.0E+00
1.0E-01
P P VAV AT AP AR Tk ah a2 R 2o MR 0

Distance (km)
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1 Ci Pu-239 Unfiltered Release
50th percentile TEDs
Deposition Velocity =1 cm/s
EHO
) Delta
Distances (km) TED (rem) TED (rem) (%)
MACCS2 HotSpot 2.07

0.1 6.61E+01 6.07E+01 -8.2

0.35 5.30E+00 4.86E+00 -8.3

0.6 1.80E+00 1.68E+00 -6.7

0.8 1.09E+00 9.62E-01 -11.7

1 6.92E-01 6.28E-01 -9.2

1.2 4.94E-01 4.45E-01 -9.9

1.4 3.67E-01 3.33E-01 -9.3

1.6 2.84E-01 2.60E-01 -8.5

1.8 2.31E-01 2.09E-01 -9.5

2 1.82E-01 1.73E-01 -4.9

2.2 1.53E-01 1.46E-01 -4.6

2.4 1.34E-01 1.23E-01 -8.2

2.6 1.20E-01 1.06E-01 -11.7

2.8 1.04E-01 9.29E-02 -10.7

3 8.93E-02 8.24E-02 -7.7

3.8 6.04E-02 5.51E-02 -8.8

4 5.60E-02 5.06E-02 -9.6

4.2 5.12E-02 4.67E-02 -8.8

4.8 4.02E-02 3.75E-02 -6.7

5 3.78E-02 3.51E-02 -7.1

50 th Percentile TED
1.0E+02 Deposition Velocity = 1 cm/s

1.0E+01

O MACCS2

TED (rem) H HotSpot 2.07

1.0E+00

1.0E-01

1.0E-02
N ENEN RGN AN N RS SRV T R S S N N

Distance (km)
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1 Ci Pu-239 Unfiltered Release
95th percentile TEDs
Depositicf)n Velocity =1 cm/s HotSpot
EHO
Di Delta
istances (km) TED (rem) TED (rem) (%)
MACCS2 HotSpot 2.07
0.1 6.05E+02 4.47E+02 -26
0.35 4.26E+01 3.27E+01 -23
0.6 1.58E+01 1.10E+01 -30
0.8 8.18E+00 6.21E+00 -24
1 5.12E+00 4.02E+00 -21
1.2 4.07E+00 2.83E+00 -30
1.4 2.63E+00 2.12E+00 -19
1.6 2.19E+00 1.66E+00 -24
1.8 1.64E+00 1.34E+00 -18
2 1.58E+00 1.11E+00 -30
2.2 1.16E+00 9.44E-01 -19
2.4 1.00E+00 8.14E-01 -19
2.6 8.86E-01 7.11E-01 -20
2.8 8.44E-01 6.29E-01 -25
3 6.46E-01 5.58E-01 -14
3.8 4.27E-01 3.71E-01 -13
4 4,23E-01 3.41E-01 -19
4.2 4,12E-01 3.15E-01 -24
4.8 3.22E-01 2.54E-01 -21
5 2.66E-01 2.39E-01 -10
95 th Percentile TED
1.0E+03 Deposition Velocity =1 cm/s
1.0E+02 H
EMACCS2
TED (rem) B HotSpot 2.07

1.0E+01

1.0E+00

TP P VAT AP AP Tk qX PP PP M0 R ©

Distance (km)
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HotSpot Mapping

Overview

Hot Spot s Map window, shown below, combines
instrument simulation to assist in exercise planning or play. The available features in the Map
window can be categorized as either Exercise offxa@rcise mode, which bemes apparent by
toggl i ng onExerbise Mad®n dlonwW®s fi he GPS menu. The
change depending on whether Exercise Mode is enabled. The main capabilities in both within the
Map window are listed below.

Non-exercise modeHxercise Mode disabled)
e Ability to import GPS generated measured coordinates
¢ Display contoured HotSpot results over any image

Exercise Mode Capabilities
¢ Virtual instruments to simulate the detection of radiation
e The ability to Abendo a pl ume
e Import of aNARAC generated deposition plume to be used as ground truth

Initially upon entering the Map window, these exercise related capabilities are turned off. Once in
exercise mode, additional exercise related options can be toggled on as well by importing a
NARAC plume.

All of these features are described in detail below.

Lat: 35.00705 deg (N) Long: -106.42547 deg (W] C:ADocuments and SettingsialuzzilApas

File GPS Plumes Measurements
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The Map window contains a background image upon which a plume can be displayed.
HotSpot allows you to import your own background image so long as gabbe to identify the
latitude and longitude of three separate locations on that image. By default, HotSpot will use a

satellite image from the Coyote Hills area b
be used. Since map window imagesimusbhe associ ated with a geog
registeredo), an i mpor ttireedgecregisratien pmmaess.t If HptSpott h r o

has already registered a selected map, it will immediately open it.

To import a non geoegistered imge, selectth& i | e Y O p eoptionv ahe gewegistration
form will automatically open and prompt you as follows for each of your three locations:

e Click on the image/map to identify the location
e Enter the latitude and longitude corresponding tolteation.

An example of this process is depicted below for one of the needed three points for proper geo

registration.

o X o
1) Click the “Select Location 17
button to identify a point for which
vou know the latitude and

longitude.
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: 2) Click OK to this prompt and then
8| usethe mouse toleft click on a
4 reference point.

| 3) Your selected point will marked on the image and

Coordinalte Inpul

[Degress™ — rFmefon —
e I 5 e s g

Longude Selection

~Degroes Fraction .
bz s | FepzbeFepa| M

| 4) A coordinate entry form will appear
e | (shown above). Enter your pre-known
- latitude and longitude values in decimal

_ degree format.

Care should be taken to enter the correct decimal format for your location. If the original format of
your coordinatessiin degreesninutesseconds, you will need to convert that value to its decimal
equivalent. For example, the entered value above for latitude: 35.70833 corresponds to a degrees
minutessecondvalueof 3 5 @633 0 Coordinates in degreesinutessecondgddemmdss) can

be converted to decimal degree format (dd.xxxxx) as follows:
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dd + (mm+ s960)/60) =dd.xxxxx (3 5 @630 & 35 + (42 + 30/60)/60 = 35.70833

When you successfully complete the gegistration process, the Map window will responangy
mouse movements and display the correspondin
bar. HotSpot will also remember your imported image and use it as your default background until
you import a new image. An image can be-gegisteredagaihy s el ecting the F
fiGeoregisteramap opti on. The di mensions of the avai
and a height of 600 pixels. Therefore any image with smaller dimensions will not fill the entire
window and leave a blank areaheit to the right of or below the image. Such a situation is
acceptable as it will not have any bearing on any computation done by HotSpot.

Two options under thBlumesme n u , ADi splay Dose Contours (D
your s cen asrontoeednap so lony asojaur release location falls within the coordinates of
the background image. The specification of your release location, which is done in Output tab of th
main form, is not tied to any specific map. If selecting one of thesagisptions does not result

in displayed contours, it may be the case that your release location is outside the map window. Th
best way of verifying this would be to compare the listed release location output on the bottom of
your Map window with varioupoints on the map as displayed in the title bar.

If your release location does fall outside the range of the Map window coordinates, this is easily
fixed by doing one of the following.

e Select a release | ocation using the fADef a
section. Involves exiting the Map window.
e Select thdRe-position release poinoption under the Plumes menu.

These two options are equivalent in that both will permanently change your release location for
your scenario. The second option is much faster as it involves just a single click.

When you exit the Map window after geegistering a new map, HotSpotllwemember its

geographic information and assume you will want to use this new map by default. Therefore the
next time you enter the Map window, this same image will appear as your background.
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Exercise Mode Features:

To toggle onthe Mapwn dowds Exer ci sEgerceoMbde) @petl ieaxnGP8 mae
menu. This will change the menu options by addiMjeasurementsnenu providing various
detection instrument options. TNeasurementsmenu options are shown below.

GPS  Plumes | Measurements

e S | Suneynstuments » | Select Instrument
. : Soil'Samples » Edit Instrument
Contamination

File

Air Samples
Aircraft Survey Instruments

Load Default Instrumentation

Instruments are available for direct, air, and soil measurements. HotSpot comes with a default set
of instruments for each of these types. Tomtamination option provides contamination levels

on vehicles, clothing, respirators, and shoes. All theunmstnt and contamination selections bring

up a display window similar to the one shown below which automatically displays readings at the
location of your mouse cursor or GPS location. In this example, the cursor (not shown) is over a
location that is measing 450 cpm based in the current scenario.

File GPS Flumes Measurements Display Instrument

N

| g il e ey rif :

Lat : 35.00206 deg (N) Long: -106.42868 deg (W
File

~Vehicles

For direct/survey and soil instruments you have the option of editing the parameters used to
calculate the displayed output as well as adding a new instrument. The form for these two options

is shown belar.
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File GPS Plumes MMeasurements

FIDLER 60-keV Window [Cs-137]

—Calibration Radionuclide —‘

[Cs-137]
~Units
| cpm
—Efficiency
| 4.300E+02 cpmper uCi/m2
—Background

| 7.500E+02 cpm

—Maximum Output
| 1.000E+06 cpm

3 ¥ Integrating Instrument
il Save |

”Units for Integration mode

Counts Cancel | iy ‘q
Sl oL

The required fields being:

e Namei For documentation purposes only.

e Calibration Nuclidé For documentation purposes only.

e Unitsi Any user defined entry.

e Efficiencyi Ratio of entered units over uCi/m2

e Background Background values asae by the instrument.

e Maximum Outpufi A ceiling value on displayed readings.

¢ Integrating Instrumerit Toggles on ability to integrate readings over a period of time.

Any selected instrument will automatically display readings based on the simulatiatu ]
background and if available, the calculated deposition or dose pattern. This is done independently
of whether or not your plume is displayed.

HotSpot uses internal dithering factors to provide agemia |l i st i ¢ variabil ity
readngs. For any measurement type, an instrument dithering factor is defined resulting in detectiol
variability across the entire range of that instrument. Two other dithering fabttrsan benore
dominant than the instruménbackground ditherinéactor, reflect atmospheric conditioasd

inherent instrument accuracior direct andgoil sample measurements, dithering factorsiaesl

to replicate variability from bothaturalbackgroundand nst r ument HAnoi @ o ( €
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air samplingnstrumentationthe effect of atmospheric Radon is applied to the simulated reading of
an air filter.

As an example of the overall effect of dithering, typical direct and soil measurements will vary
across 2% (approximately) of the possible range of itgrument with the center of this range
defined by the following formula:

(Ground truth) x (Efficiency) + (Instrument Background)

The Al ntegrating I nstrumento option at the b
the instrument is capable of integrating measurements over a period of time. When this option is
selected, a corresponding option frame will appearintha nst r ument 6 s readou
bel ow with the AScalero and ARate Metero sel
to the normal instantaneous readings when the integration option is not available.

File
—FIDLER 60-keV Window [Cs-137]

1,300 cpm

" Scaler  Rate Meter

Sel ecti ng tdnewil altér¢ha instrumént displayito provide a time field over which
HotSpot will integrate the instrument readings. The Scaler options are displayed below:

File GPS Plumes M Display Instrument
RN %

File
~FIDLER 60-keV Window [Cs-137]

\ 0 Counts

Elapsed Time : 0:00

’f-‘ Scaler ¢ Rate Meter Mark Location |

minute

1

2 minutes
¥ 3 minutes

4 minutes

5 minutes
6 minutes

y ~ 17 minutes
: |8 minutes _
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Clicking on the Mark Location button will tell HotSpot to interpret the next mouse aficke map

as the location at which to integrate a range of measurements over the selected time period. The
available time periods range from 0.1 to 10 minutes.

For direct or survey readings, HotSpot allows the simultaneous display of output froplenulti
instruments. After selecting thdeasurementsY Survey Instruments menu option

Flle GPS Flumes Measurements

r_: B T ST
Ta ST g e
.:.‘; .

S

A Selectlnstrumentﬂtlun

Dizplay Mode Options
& Multiple Output
 Mirtual Instrument ¥ Display Ground Truth

toggling on the AMul ti pl e Otficldnsttumentdispag:k b o x W

File
— Ground Truth Ground Truth Ground Truth
| 1.85E+00 uCilm2 “ 6.84E+01 kBg/im2 “ 4.11E+04 dpm/100 cm2
~FIDLEF: B0kt Winciow [WiG-Pu] ~IS610 Channel 2 (60 ket [WwWE-Fu]
1,500 cpm 17 cls
~FIDLER: 17-ke¥ Window [WiG-Pu] ~ISE10 Channel 1 {x ray) [WGE-Pu]
1,400 cpm 9cls
~Mk 3 NME Channel 1 (x-ray probe) [WGE-Fu] —WIOLINIST BO-ket' Winclow [Wi5G-Pu]
9cls 27 cps

Mk 3 NMPR: Channel 2 (1320C Alpha probe) [WG-Pu]—— - VIOLINIST 17-keV WWindow [WG-Pu]

33 cls 25 uCi/m2

Salid State Alpha Monitar (SSAM) [WG-Pu] AN-PDF: 6 Alpha [WG-Pu]

91 cl/s 4,200 cpm

Measurements from 10 virtual instruments will be shown simultaneously. HotSpot has a default se
of instruments it will display in this mode. Clicking on any of these fields will bring up the
Instrument Selection list allowing you to replace that pddaramstrument. Any modifications you
make to the set of instruments are saved by HotSpot.

Upon selecting the Multiple Output option, an option to display ground truth readings is also

available. The selection of this option will show the Ground Tatithe current cursor location in
three different units (uCi/m2, kBqg/m2, and dpm/100cm2).
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In Exercise Mode, an option to import a NARAC deposition pattern as ground truth is available
under theFile menu. A HotSpot compatible NARAC file is a formattedtual output from a

NARAC deposition calculation in units of uCi/m2. If you have a compatible NARAC file, it can be
imported into the Map Window using tideY Import NARAC Plume option. After importing a
NARAC file, it can then be displayed by selegtitiePlumesY Display Deposition Contours on

Map option. HotSpot will use the same contour levels specified in the Setup tab to display the
NARAC deposition.

The processf importing a NARAC file does two things. First, HotSpot will interpret the NARAC
generated pattern as ground truth and dispidy applicable instrumentadings Any contour
associated with the current HotSpot scenario will be ignored whenever a NARAC plume is
imported Second, a new menu will appear to the right oMlea@suremens menu.

File GPS Plumes

> e

Measurements | NARAC generated 12 hrs Deposition
ol Data Generation
Ground Deposition Truth EXCEL File

7

e
a7
.

Under this new menu, select thata Generation option to display instrument output. This option

will first bring up a Coordinate Input form (shown below) which displays deposition readings from
the NARAC calculation at a location based either on a mouse click or entered latitude and longitud
coordindes. Entering coordinate values requires thaCideulate button be clicked in order to

display the deposition values.
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1.45E02

r
537E-01

The three measurement types are listed on the lower left side of the form. Toggling any of these
will bring up an instrumenteradout form appropriate to that measurement type. For example,
selecting Direct Instruments will bring up the mufistrument display form described earlier.

When the ADirect I nstrumentso option rasionsel e
values at your specified points. A temporary text file, similar to the one shown here,
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® HotSpot Table ©

File Edit Format “iew Help

-0l x|

HotSpot Ground Survey Information
27 Feb, 2013 10:32

sample Location
British National Grid : TG 00000 00000
Latitude / Longitude : 35.08095 N 106.43705 W
Ground Truth :
2.27E+00 uci/m2
8.40E+01 kBg/m2
5.04E+04 dpm/100 cm?
FIDLER 60-kev window [wWG-Fu]: 1,600 cpm
FIDLER 17-kev window [wWG-Pu]: 1,800 cpm
Mk 2 NMR Channel 1 (x-ray probe) [wG-Pul: B8 c/s
Mk 3 NMR Channel 2 (1320C Alpha probe) [wG-Pul: 41 c/s
solid state Alpha Monitor (55AM) [WG-Pu]: 120 c/fs
15610 Channel 2 (60 kev) [wWc-Pu]: 15 c/s
15610 Channel 1 (x ray) [wWG-Pu]: 12 c/s
VIOLINIST 60-kev window [wWG-Pul: 27 cps

VIOLINIST 17-kev window [wWG-Pul]: 27 uCi/m2

AN-PDR 60 Alpha [wWG-Pu]: 5,400 cpm -
4| | b
7

| Ln1.Col1
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will be displayed upon changing the current location and a prompt will also appear asking if you
wish to permanently save your data. Clicking yes to the archive prompt will save the displayed
measurement information to the following folder (Windows XP or erli

C:\Documents and Settingsu s e r \Applioaian DataHotSpot30@utputd Di r ect | nstr
mmmdad-yyyy.txt

For Windows 7 or Vista users, the instrument output folder would be
C:)\User$o u s e r \AppDagBoamingHotSpot3@utputd Di r e ¢ t ntslmmsaddiyyyyne
In both cases, the file name format, mrddhyyyy, corresponds to the date the file is being written.

This same textwual output i s available within
Fil e or Res ulbwesrightdomdr of their respectivie display windows.

Although the NARAC file is formatted, it does have a header section, parts of which can be
modified to either rename the NARAC based menu or to alter the location of the NARAC
deposition pattern. Ehrsample NARAC plume file below shows the 15 line header. The very first
line in the file controls the name of the NARAC based menu. Modifying this entry and re
importing the file will change the name of this menu. Modifications to the location ofARAN
deposition pattern can be made throughRheneDeltaEastingMetersand

PlumeDeltaNorthing Meters fields. Both of these location parameters are in units of meters and
will shift the plume east/north with positive/negative values. In the sample file below, the
NARAC pattern has been shifted 500 meters East and 200 rSetghsdue to the following

values:

PlumeDeltaEastingMeters500
PlumeDeltaNorthingMeters -200
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Lat: 3500246 deqg (N) Long: -106.42762 deg (W) CADocuments and Si
File GF=z MARAC generated 12 hrs Deposition

Flumes

FMeasurements

el

Bl asciiHotspot270m.conc - WordPad ] m]

File Edit “iew Inset Format Help
IEDurierNew LIIH Lll'w'estern LI BI[lglé@lEElEl =
RN IR RN R RN RN B RN RN TR

NaRAC® generated 12 hrs Deposition ﬂ
¥1v¥lTatitude = 34.560745
¥1vlLongitude = -106. 9552282
¥1v140Tatitude = 35.439159
¥1v140TLongitude = -106. 5975756
¥140v140Latitude = 35.451770
¥140¥140Longitude = -105. 59268686
¥140v1Tatitude = 34.5725987
¥140v1Tongitude = -105.517048
FlumeDbeltaEastingMeters = 500
PlumeDeltaNorthingMeters = -Z00
MapDeltaEastingMeters = 0
MapDeltaNorthingMeters = 0
GpsheltaEBastingMeters = 0O
GpsheltalNorthingMeters = O
140 140
3EZ0643. 5760 226344 .,0%200 3313e0.1887 335774.03%0 3:
243075, 5564 2460832, 8336 248729,.0500 251057.5553

It is important to only entered values in units of meters so that the plume is scaled appropriately.
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6. HotSpot Version History and File Structure

HotSpot Version History

1985 HotSpotl.0Hewlett Packard HR1CX system
199 1994HotSpot2.0i HotSpot7.0 (IBM PC or compatible)

1995 HotSpot8.0 (Urbandiffusion coefficients wet deposition, user6s
50-nuclide mixture, GIS interface) Borland Turbo Pascal AdtSpot8.02: Corrected
Pentium Il incompatittity with Borland Turbo Pascal.

1999 HotSpot98 Version 1.04: Full 3bit Windows 9398/NT application; Microsoft
Visual Basic 6.0 ProfessionafiotSpot8.03 (DOS Version) Borland Turbo Pascal.7.0

200® HotSpot98 Version 1.06: Full 32 bit Windows 95/98/00/NT application;
Microsoft Visual Basic 6.0 Professional; New ModuRadionuclidesn the Workplace
Corrected mixture error (submersion and ground dose were not included in the dose
predictions if a mixture was used for the source term). Gtanahboardibrary
radionuclides were not affected; Added plutonium and uranium criticaikures.

2008 HotSpot2.0: Full 32 bit Windows 95/98/00/XP/NT application; Microsoft Visual
Basic 6.0 Professional; New ModulIDLER Calibration and Lung Screening;
Geographical Mapping capability; GPS Exercise Mode (Virtual plume/ instrument
response)Plume bending (up to four bend points), for exercise simulation; FGR 13 Dose
Conversion Library (FGR 11, FGR 13, andf2dur Acute Dose Conversion Factors);
Default receptor height changed from 0 meter to 1.5 meters; Addition of buoyant and
momentum plumeise for stacks; Default respirable deposition velocity changed to

0.3 cm/sec for non noble gas radionuclides; Iespirable deposition velocity remains at

8 cm/sec, but is now a variableHotSpotSetup;HotSpotQC Check; Table output

option to inclué the Committed Equivalent Dose for 23 individual organs (options for all
organs or organs exceeding 50 rem (0.5 Sv).

2003 HotSpot2.05: Full 32bit Windows 95/98/00/XP/NT application; Microsoft
Visual Basic 6.0 Professional; Explosive Release modelsofilum Explosion, Uranium
Explosion and General Explosion. Table output includes Unmitigated blast effect
distances for eardrum rupture and incapacitation (5 psi), Lung damage and complete
incapacitation (10 psandonset oflethality. In addition (25 p$ithe International
Association of Bomb Technicians and Investigators (IABTI) safe distance is o(8pat.
Explosion; Revised Fuel Fire model. Two upwind virtetalm point sources are used to
model the initial distribution of material in the verticablamorizontal dimensions. The
virtual-term point sources are positioned at an upwind distance resulting in a\samnda
Sigmaz, above the origin, equal to 50% of the input pool radius. In previous versions,
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thelargestof either 50% of the pool radius 60% of the effective plume height was
used. The 60% criterion is no longer used.

2005 HotSpot2.06: Full 32bit Windows 95/98/00/XP/NT application; Microsoft
Visual Basic 6.0 Professional

Table outpufor the nuclear explosion modebw includes an opihal nuclear explosion

event summary. All dose data are midline tissue do$ies midline dge is assumed to

be 70% of thesurface absorbed dose (Glasstone, page 579, section 12.108). A fallout
dose terrain reduction factor of 0.7 is assumed (Glasstone 428g section 9.95).

Previous versions dflotSpotassumed these modifiers were 100% and 1.0, respectively.
Users can now select shielding attenuation options for fallout dose data (Table and Plume
Contours).

CEDE vs. TEDE. ThélotSpotoutput dose values, due to plume passage, have always
included the cloud submersion Effective Dose Equivalent (EDE), with the inhalation
Committed Effective Dose Equivalent (CEDE). Beginning with this version, the label
"CEDE" is replaced by "TEDE" to rkefct the cloud submersion component. TEDE is the
Total Effective Dose Equivalent, TEDE = CEDE (inhalation) + EDE (submersion)

If the "include 4days of Ground Shine" check box is checked (Setup Page), the EDE
from 4-days of ground shine will be includedthe TEDE value, TEDE = CEDE
(inhalation) + EDE (submersion) + EDE (ground shine)

Lung Screening module: Updated with improved lung phantom data

Regional and Language Options: Previous versiomotpotrequired the Regional and
Language Options to be set to English (United States).

HotSpot2. 06 now operates regardless of the comp
settings. The language remains English, but time date and number formats are supported,
e.g., 3.14159 versus 3,14159. 100,000,000 versus 100 000 000, etc.

2000 HotSpot2.07: Full 32-bit Windows 95/98/00/XP/N/Vista application; Microsoft
Visual Basic 6.0 Professional.

Using new ORNL dose conversion factor data base: DCFPBK 1.

I ICRP26 or ICRP60 tissue weighting factors

T FGR11/ICRP30 or FGR13/ICRP66 biokinetic models

i 30-day acute committed inhalation dose

I External air immersion or ground exposure (FGR12)
Weathering correction factors for nuclear fallout and deposition of radionuclides.
Two opfions:

A WASH 1400 (NUREG75/014),
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A Likhtarev(Health Physics, March 2002, /@2)i newer, default
option

Resuspension options:
I WASH-1400 (NUREG75/014)
T NCRP Report 129 (Used by FRMAChewer, default option

Resuspension included with Genaraddel TEDE calculations
T Plume passage
A Submersion
A Inhalation
i Ground shine + weathering
T Resuspension

HotSpot plume files can be displayed on Google Earth global maps
HotSpot plume files (KMl automatically invoke Google Earth and zoom to the
userinput LafLong and display select contours
Contour options include
T General and Explosive release models
A Dose
A Deposition
T Nuclear explosion
A Fallout dose and dose rate
A Prompt nuclear effects
i Blast
T Thermal
T lonizing

Explosionmodelhas mproved deposition and groustine estimates in proximity
(within a few 100 m) of the detonation point

A Users can customize cloud parameters
i Vertical source distribution
T Scale cloud height calculated using Church formula

Expanded source term description
Controllable parameters:
i Material at Risk (MAR)
I Damage Ratio (DR)
i Leakpath Factor (LP)
T Airborne Fraction (AF)
I Respirable Fraction (RF)
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Site-specific meteorological data can be input into HotSpot for calculation of percentile
dose values
Input file format:Sequential hourly datgn MACCS2 code format)1-5 years)
T Date/Time
T Wind speed
T Wind direction
T Stability Class (AG)

Output options

i 50" 9d" 95" 9d" and 99.% default percentile dose values for up to 20
locations within each of the 16 compass sectors. Users can also input other
percentile values.
Directiondepen@nt percentile valuegsectorsl-16)
Directionindependenpercentilevalues(all sectors 116).
Joint Frequency Distribution (JFD)
Cumulative Frequency Distribution for each location within each sector
and sum of sectors16.

Avoidance Dose (Resuspension and/or Ground Shaledlated using:
T Exposure Start Time
i Exposure Duration

The Total Effective Dose Equivalent (TEDE) values output in previous versions of
HotSpot only included the inhalation and submersion component of the TEDE during
plume passage. If applicable, the initial ground shine ddsgrem/hr or Sv/hiyas also
output. Starting with Versio.07 bothresuspension and ground shine, inclusive of
weathering, are optionally included in the TEDE values. The duration of the exposure
time period is now selectable by the us&hen you first run HotSppthe time periods

from initial release plus 4 dayStart of Exposure= 0 daysExposure Duration= 4.0

days), and thénclude Ground ShineandInclude Resuspensioroptions arenot

checked. This results in calculated TEDE values identical with previous versions of
HotSpot (TEDE due to plume passage only). If $tart of Exposurds anyvalue greater
than zero, the plume passage component (inhalation and submersignpctuded in

the output TEDE values. For example, if Btart of Exposures set to 0.1 day&r 0.1
hours, etc.) the plumpassage component of the TEDE will not be included. If the
Include Ground ShineandInclude Resuspensiomptionsare not checked, the output
TEDE values will all be zero since plume passage is not included. Iifdhuele Ground
ShineandInclude Resuspensiomptionsarechecked both ground shine and
resuspension are includdtithe Start of Exposurds set to 1 year and th&xposure
Duration set to 1 year, the resuspension and ground shine TEDE from year 1 to year 2
will be ouput
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March 20106 HotSpot2.07.1: Full 32-bit Windows 95/98/00/XP/NT; Microsoft Visual
Basic 6.0 Professional.

Dose conversion factor déi@se was updated to DCFPAK 2.2, , Eckermiaal
(2010).

Additional test cases were developed formieasdesting for more software
components and databases, archfrange key input parametersgdascribed
below:

e Scenario Library Validatioin each dispersion model is exercised with the
TEDE, integrated air concentration and deposition values calculateeat
downwind distances.

e Explosive Release Validatianthis component is exercised with three values
for TNT quantity and, as with the scenario library validation, values for the
three types of products are compared at three downwind distances.

¢ Fuel FireRelease Validatioi this component is exercised with three values
each for fuel quantities, fire radii, and fire time duration. Again the values for
the three products are compared and three downwind distances.

e Library Validationi all ORNL DCFPAK2.2values are compared with an
independent NARAC library.

e A variety of tests are performed on the test data set that contains one year of
meteorological observations to verify proper handling of the data. These tests
include corrupt and owdf-range values sthe appropriate error handling can
be verified.

e Sigmay and Sigme Validationi these values are computed for the two
terrain types at three downwind centerline distances for all stability classes.
These are compared against analytic values.

e Wind Speed aa Function of Height Validation for a reference wind speed,
the calculated wind speeds are compared with analytic values for all terrain
types, stability classes and three heights.

e Plume Depletion Validation plume depletion factors are computed for al
terrain and stability classes, three downwind centerline distances, three wind
speeds and three release heights and compared with analytic values.

In addition a checklist has been generated that supports independent verification
of HotSpot handling ofnicorrect inputs from the GUI that has been performed on
HotSpot 2.01 and will be performed as part of acceptance testing for HotSpot
releases.
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September 20116 HotSpot 2.07.2 Full 32-bit Windows
95/98/00/XP/NT/Vista/Windows 7 application; Micros¥iisual Basic 6.0 Professional.

Full Vista and Windows 7 compatibility. Default installation directory
supports text file output

Corrections to HotSpot Help displays

New Automatic Batch Mode. Hot Spot <ca

mode that produces Taldeitput and Google Earth .KML files without
displaying the HotSpot graphical user interface. When this mode is
enabled HotSpot can be launched at the command pamajbatch

flee These files are placed in the

New ExplosiveRelease ballistic particle option. This option models

particles with aerodynamic diameters greater than 100 micrometers.

Supports MACCS2 meteorological file iapin both windfrom and
wind-towards format. Thes®ite-specific meteorological data are input
into HotSpot for calculation of percentile dose valugsinput file
format for £quentiall-5 years ohourly dda (in MACCS2 code
format) includes the following information

o Date/Time

0 Wind speed

0 Wind direction(wind-from or windtowards optior)

o Stability Class (AG)

New Maxwell and Anspaug(010) resuspensioadtos

~Resuspension Factor (RF [ 1/meter])

& Maxwell and Anspaugh- 2010 RF = 1E-05 exp-0.07 1) + 7E-09 exp(-0.002 t) + 1E-09; @

¢ NCRP Repart Mo, 129 RF (0-1) day = 1E-08; RF (1 ta 1,000 days) = 1606 /t ; RF(1 > 1000 days) = 1E-09; 11

 WWYASH 1400 (NUREG-75/014) RF = 1E-05 exp(-0.677 1) + 1E-09 ; tin years

 Constant RF = I 1.00E.05 (1/ meter)

Recentexplosive cloud rise experimeriiave determined that stabilized
explosive cloud heights are lower than predicted using the Church
equation- H(meters) = 76 W where W =pounds of TNT. This
version of HbtSpot has the option to use the rdaud height
methodology Thenewcloud rise formulas anmost appropriate for
detonations of about 100 pounds or I&3sereforethe Church
formula is still used above 10@pnds even when the new option is
selected

Hot S|
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March 20130 HotSpot 3.0: Full 32bit Windows 95/98/00/XP/NT/Vista/Windows 7
application; Microsoft Visuabtudio 2008 Standard Edition

Complete rewrite of code to make it compatible with Microsoft's .NET

Framework. From a user's peective only minor interface changesll be

noticeable.

New capability: Surface Roughness entry in the Setup/Terrain section. User can
enter a surface roughness value to modify the calculated concentrations. Only
applicabé when Standard terrain is selected.

Accessibilityof Explosive ReleaseBallistic Particle option. This option

(implemented in version 2.07.2) is now available through the user interface.

Ballistic interface available with explosive releasenariohaving airborne

fractions less than ondRF < 1) throughtheMai n Hot Spot- iSetupo
"Change/View ARF Distribution™ option.

Digital Signature applied tboth the 3.0nstaller and program assuring the

Windows environment that HotSpot comes frotnusted source. In Windows 7,

not having a digital signature cadsewarning box to come up whenever

HotSpot is run.

New Green FieldExplosive Release cloud rise calculation optising Green

Field experiment resultgmplemented in version 2.07.2,as by default

Several bug fixes. Most notable being a fix to a user change of the DCF library
when a user does not follow through with a selection of a new source. Also, when
a user selects a nuclide he/she can let HotSpot automatically select the
consevative default solubility classification recommended by DOE for a

particular nuclideAnotherfix was done on the international mode which would

only affect users outside the U.S.

HotSpot Output Directory modified to reflect version 3.0. Output direatdty

now appear as fAHot Spot 300 under a par
Environment variabl e Aikgopds andfiles under Not e
HotSpot30 are 100% compatible with HotSpot2.07 versions. Files from 2.07
versions need only be med to their corresponding location under HotSpot30 to

be usedsee next section)

en
t
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HotSpot File Structure

Hot Spotdos file structure is such that all/l i n
directory:HotSpot30 This is very similato version 2.07.2 which used the folder name

HotSpot20 HotSpot version 2.07.2 moved the location of the HotSpot20 ftudes

current location irkeeping with a requirement by Microsoft Windows for user programs

to only read or write flesunderan@p i cati on f ol der as opposed t
directory.

In Windows systems prior to Windows 7 or Vista, the HotSpot30 directory path is:
C:\Documents and Settingsiser name\Application DataHotSpot30
In Windows 7 and Vista, the HotSpot@bectory path is:
C:\Userdouser nameéAppDataRoamingHotSpot30
The subdirectories found under HotSpot30 are explained below. Note that HotSpot 3.0 is
completely compatible with older input and output files. T-ase older files (mixtures,
scenario files (*.hot), images, etc) just plaécesame corresponding filedm 2.07.2
under the HotSpot30 directory. For example, tagse mixture files (*.mix) created in
2.071 or 2.07.2copythose files fromneither:
(2.07.2 Windows XP or earlier) Y
C:\Documents and Settingsisernamea\Application
DatdHotSpot20UserMix

(2.07.2 Windows 7, Vista) Y
C:\Uses\duse named\AppDataRoamingHotSpot2QUserMix

(2.07.1 Windows XP or earlier) Y
C:\Program FiledHotSpot 2.07.HotSpot20UserMix

to the 3.0 mixture file location:

Wi ndows XP or earlier Y
C:\Documents and Settinis u snear m\@pplication
DataHotSpot30UserMix

Windows 7, Vista Y
C:\User\0 u snear m@ppDataRoamingHotSpot30UserMix
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[} by Documents
= 4 Computer
= “ee 4567 (C)
=) ATI
= CamDir
I3 Config.hsi
= 12 Documents and Settings
= All Users
= 1) usermame
H= I Application Data,
= 1= HotSpot3l
=3 FIDLER
= GPS
=) Maps
=) MetData
1= Output
= ) Scenario
) Examples
5 Userkdix

4] A cute Pu-238 1002 Lethality at 1,50 kim.hot
4] General Explosion.hot

(4] General Fire.hat

4] General Plume.hot

4] General Resuspension hat

4] MACCS2 Pu-239 M Cormparison.hot
4] Plutanium Explosion hot

4] Plutoniurm Fire.hot

4] Plutonium Resuspension.hot

4] Tritium Release hot

4] Uraniurn Explosion hot

4] Uraniurn Fire hat

HotSpot30

¢ Main folder containing all HotSpot sub folders and files

FIDLER (Field Instrument fathe Detection of Low Energy Radiation)
e Containsall calibration files for FIDLER calibration and Lung measurement data

GPS

e Contains files supporting Hotpot Global Positioning Satel#ES),exercise

mode.

Maps

e Location of .omp maps and associated gesitipn data for each map. An
example map and geo file for Coyote HiltisAlbuguerque, w Mexico,are

automaticallyloaded when HotSpot is initially run.

MetData

o Contains Sitespecific meteorological data for HotSpot Percentile Dose Option.

An example ife is loaded when HotSpot is initially run.

Output

o ContainsHotSpot output filestables, plots, etc.

Scenario

o Contains Example release files and userated files.

UserMix

e Contains usecreated radionuclide mixtures and two example mixtures,

ACriticald@i

ty

Pl

utonium 1E+19 fi

S S
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HotSpot Batch Mode

Hot Spot can be run in a Abackgroundo mode th
points without displaying the HotSpot graphical user interface. When this mode is

enabled HotSpot can be launched at the command pamapatch file. The output

files are placed in the Hot Spot #AOQutputo f ol

=+ Command Prompt 'E E

Microsoft Windows XP [UVersion 5.1.26801
C(C> Copyright 1985-28A1 Microsoft Corp.

C:“Program Files“Hotspot 2.87.2>hot2872.exe

TheautomaticHotSpotoutput uses the variables and options contained in the

i cur r e ntThihatowsthefuset taelit the current.hot text file, e.g., change release
guantity, meteorological data, distances, etc., and then run HotSpot. Multiple analyses
can be created via a batch file.

Touset he Aut omat i c MOSp&A utacddma ttihce T eelxlted t o t he
ASysNtaeme =0 | ine in current. hot

Tarrain = Ztandard
Distancellnit=s = Cla==ic
Inmner = 100

Middl= = 50

Tuter = 10

InmerDep = Z_TOZTOEZTOETOZT
MiddleDep = O_ZT70ZT0ZTOEVOEN
JuterDep = 0_0EZTOZT02TOETOET
BeceptorHeight = 1.5
WindSfpeedHeight = 10
Feometry = Jimple

PainfutConstant = 0
Dl = 0,032
Dz = 0.1
D2 = 0.2
Dad = 0.3
s =04
D = 0.5
Dt = 0.6
s =o0.7
Dg = 0.5
nio = 0.9
D11 = 1
Dl = &
nl: = 4
Dld = &
nls = &
= 10

D1&
Farticallliametar = NS A

o s T i,
ﬂ Sgstemﬂ'me = Hot3pot Automatic Table :
1 S -

BespirableFractieon = 1

6-10



Hot Spot User 6s Gui @.&otspot Version History and File Structure

Additional options are available when running HotSpot in Batch Mode. These options are
enabled by adding additional keywords to
file. These options are summarized below.

e Automatic Table
o0 Generates table output (Output file nameusent.out)
A Default three significant figures
o0 Generates centerline plot (Output file nameusent.bmp)

e Automatic Table Four
o0 Generates table output (Output file nameugent.out)
A Four signficant figures
o Generates centerline plot (Output file nameusent.bmp)

e Automatic Table Five
o0 Generates table output (Output file nameugent.out)
A Five significant figures
o0 Generates centerline plot (Output file nameusent.bmp)

e AutomaticGoogle
o If NuclearYield > 0 Generates file for displaying specified fallout
contours via Google Earth (Output file nameél®Spot_Nuclear.kml)
o If NuclearYield = 0, Generates files for displaying specified TEDE and
Deposition contours (if deposition velocity0y via Google Earth (Output
file names arélotSpot TEDE.kml andHotSpot_Deposition.km)

6-11
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Example Automatic Table output
=loix|

Frint  Options

HotSpot Version 3.0 General Fire HMar 06, 2013 09:04 AM
Plume Centerl Lt 23 2 f_Doyny

1E+00 =

1E-01

I
1E-07 L

0.01 0.1 1 10 100
=1
Source Material thm-241 0 432.2y
Material-at-Risk :5.0000E+01 C1 Resp. Rel. Frac. :5.00E-04
Eff. Release Height :14 m Release Radius 120.0m
Wind Speed (h=10 m] :5.00 m/s Avg. u(h=7.04 m) :5.12 m/s
Stability Class E (Sample Time: 10.00 min)
Deposition Velocity :0.3 cn/s
Receptor Height 1.5 m Inversion Layer Height :Hone

HotSpot Version 3.0 General Fire
Nov 11,201 2 09:20 AM

Source Material T Am -241 W 4322y
Material - at - Risk (MAR) :5.0000E+01 Ci
Damage Ratio (DR) :1.000

Airborne Fraction (ARF) : 1.00E -02
Respirable Fraction (RF) :5.00E -02
Leakpath Factor (LPF) :1.000

Respirable Source Term  : 2.50E -02Ci
Non- respirable Source Term :475E -01Ci
Release Radius :20.0m

Effective Release Height : 14 m
:5.00 m/s
. All distances are on the Plume Centerline

Wind Speed (h=10 m)
Distance Coordinates
Avg Wind Speed (h=H

Stability Class

Respirable Dep. Vel.
Non- respirable Dep. Vel.
:15m

Receptor

Inversion Layer Height

Sample Ti
Breathing

Maximum Dose Distance

Height

ime
Rate

MAXIMUM TEDE

Inner Contour Dose
Middle Contour Dose
Outer Contour Dose

-eff) :5.12

B

:0.30 cm/s‘
:8.00 cm/s

: None

:10.000 min
1 3.33E

:0.010 km
1 0.807 rem

: 5.00E

: 2.00E

1 1.00E

Exceeds Inner Dose Out To : 1.5 km
Exceeds Mid dle Dose Out To : 2.5 km
Exceeds Outer Dose Out To : 3.6 km

FGR 11 Dose Conversion Data

m/s

- 04 m3/sec

-03rem
- 03 rem
- 03 rem

- Total Effective Dose Equivalent (TEDE)
RESPIRABLE

DISTANCE TEDE TIME -INTEGRATED GROUND SURFACE GROUND SHINE ARRIVAL Latitude Longitude
AIR CONCENTRATION DEPOSITION DOSE RATE TIME
km (rem) (Ci - sec)/m3 (uCi/m2) (rem/hr)  (hour:min)
0.010 8.1E -01 5.5E -06 9.6E+00 3.5E -06  <00:01 3.5007220E+01 - 1.0643679E+02
0.030 6.7E -01 4.5E -06 7.4E+00 2.7E -06 <00:01 3.5007220E+01 - 1.0643657E+02
0.100 3.3E -01 2.2E -06 3.3E+00 1.2E -06  <00:01 3.5007220E+01 - 1.0643580E+02
0.200 1.5E -01 1.0E -06 1.4E+00 5.2E -07  <00:01 3.5007220E+01 - 1.0643471E+02
0.300 8.3E -02 5.6E -07 7.7E -01 2.8E -07 <00:01 3.5007220E+01 - 1.0643361E+02
0.400 5.3E -02 3.6E -07 4.7E -01 1.7E-07 00:01 3.5007220E+01 - 1.0643251E+02
0.500 3.6E -02 2.5 -07 3.2E -01 1.2E -07 00:01 3.5007220E+01 - 1.0643142E+02
0.600 2.7E -02 1.8E -07 2.3E -01 8.5E -08 00:01 3.5007220E+01 - 1.0643032E+02
0.700 2.0E -02 1.4E -07 1.7E -01 6.4E -08 00:02 3.5007220E+01 - 1.0642922E+02
0.800 1.6E -02 11E -07 1.4E -01 5.0E -08 00:02 3.5007220E+0 1 -1.0642813E+02
0.900 1.3E -02 8.8E -08 1.1E -01 4.0E -08 00:02 3.5007220E+01 - 1.0642703E+02
1.000 1.1E -02 7.3E -08 8.9E -02 3.3E -08 00:03 3.5007220E+01 - 1.0642593E+02
2.000 3.0E -03 2.0E -08 2.3E -02 8.5E -09 00:06 3.5007220E+01 - 1.0641497E+02
4.000 8.4E -04 5.7E -09 6.0E -03 2.2E -09 00:13 3.5007220E+01 - 1.0639303E+02
6.000 4.0E -04 2.7E -09 2.8E -03 1.0E -09 00:19 3.5007220E+01 - 1.0637110E+02
8.000 2.4E -04 1.6E -09 1.6E -03 5.9E -10 00:26 3.5007220E+01 - 1.0634916E+02
10.000 1.6E -04 1.1E -09 1.1E-03 3.9E -10 00:32 3.5007220E+01 - 1.0632723E+02
20.000 5.0E -05 3.4E -10 3.1E -04 1.1E -10 01:05 3.5007220E+01 - 1.0621756E+02
40.000 1.6E -05 11E -10 9.3E -05 34E-11 02:10 3.5007220E+01 - 1.0599822E+02
60.000 8.6E - 06 5.8E -11 4.7E - 05 1.7E -11 03:15 3.5007220E+01 - 1.0577887E+02
80.000 5.5E - 06 3.7E -11 2.9E -05 1.1E -11 04:20 3.5007220E+01 - 1.0555953E+02

The following variables were used in the above HotSpot calculations:

Terrain =

DistanceUnits = Classic

Standard
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Inner = 0.005
Middle = 0.002
Outer = 0.001
InnerDep = 100
MiddleDep = 10
OuterDep =1
ReceptorHeight = 1.5
WindSpeedHeight = 10
Geometry = Simple
RainOutConstant = 0
D1=0.03
D2=0.1
D3=0.2
D4=0.3
D5=0.4
D6 =0.5
D7=0.6
D8 =0.7
D9=0.8

D10=0.9
D11=1
D12=2
D13=4
D14 =6
D15=8
D16 = 10
D17 =20
D18 =40
D19 = 60
D20 =80
InversionHeight = 5001
Coordinates = Degrees
Ellipsoid = WGS 84
SetupDefaultLocation = 35.00722N106.43690W
MapScale = 250
HoldUpTime =0
BreathingRate = 0.000333
DCFData=ICR P
SampleTime = 10
NonRespirableDepositionVelocity = 8
LocationOfAttack = KNOWN
D1CheckBox =1
D2CheckBox = 1
D3CheckBox =1
D4CheckBox = 1
D5CheckBox = 1
D6CheckBox = 1
D7CheckBox =1
D8CheckBox = 1
D9CheckBox = 1
D10CheckBox = 1
D11CheckBox = 1
D12CheckBox = 1
D13CheckBox = 1
D14CheckBox = 1
D15CheckBox = 1
D16CheckBox = 1
D17CheckBox = 1
D18CheckBox = 1
D19CheckBox = 1
D20CheckBox = 1
TypeOfCoordinates = Rectangular
IncludeGroundShine = False
TypeOfRelease = General Fire
SourceTermName = Am - 241 W 432.2y
SourceTerm = 50
ReleaseDuration = N/A
ReleaseHeight = 14.08451
PercentTritiumOxide = 100
AlphaSpecificActivity = 6.77E -07
HighExplosive = N/A
SourceRadius = 20.0
ReleaseFraction = 0.0005
StabilityClass = B
SigmaTheta = N/A
WindSpeed =5
DepositionVelocity = 0.3
SunStatus = Low
FuelFire = False
OtherFire = True
Heatlnput = False
VolumeOfFuel = 100
AirTemperature = 20
CombustionHeat = 12000
DurationOfBurn = 10
HeatEmissionRate = 10000000
ResuspensionFactor = N/A
WindDirection = 270
PlumeCenterline = True
PercentU235 = N/A
TypeOfUranium = N/A
ContaminationAge = N/A
ComplexSourceGeometry = None
HorizontalDiameter = N/A
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VerticalDiameter = N/A
DepositionUnits = uCi/m2
SystemName = HotSpot Automatic Table
AirborneFraction = 0.01
RespirableFracti on = 0.05
PhysicalStackHeight = N/A
StackExitVelocity = N/A
StackDiameter = N/A
StackEffluentTemperature = N/A
EnvironmentalTemperature = N/A
IncludeMomentum = False
UseHeatEmission = False
StackPlumeRise = False
LeakpathFactor = 1.000
PhysicalFireHeight =N/A
FireCloudTop = N/A

SourceAltitude = 0

NuclearYield = N/A
EffectiveWindSpeed = = N/A
InnerNuclearDoseContour = N/A
MiddleNuclearDoseContour = N/A
OuterNuclearDoseContour = N/A
HelpFileLocation = C: \ HotSpot 2010
ShowVirtuallnstruments = False
BendAllo wed = False
PlumeBendRadius1 = 0.10
WindDirectionl = 270

EnableBend1 = False
PlumeBendRadius2 = 0.20
WindDirection2 = 250

EnableBend2 = False
PlumeBendRadius3 = 0.30
WindDirection3 = 230

EnableBend3 = False
PlumeBendRadius4 = 0.40
WindDirection4 = 200

EnableBend4 = False
FalloutDoseTimePeriod =
ContourExtentUnits = km
InnerContourExtent = N/A
MiddleContourExtent = N/A
OuterContourExtent = > 200
ContourAreaUnits = km2
InnerContourArea = N/A
MiddleContourArea = N/A
OuterContourArea = N/A
ShelterDescr  iption = No Shielding
ExpHeight5Fraction = 0.20000
ExpHeight4Fraction = 0.35000
ExpHeight3Fraction = 0.25000
ExpHeight2Fraction = 0.16000
ExpHeight1Fraction = 0.04000
ChurchCF = 1.0000
ResuspensionMethod = (Resuspension Factor : NCRP Report No. 129)
Weathe rCorrectionFactor = (Weathering Correction Factor : None)
UserGroundRoughnessCF = False
GroundRoughnessCF = 1.000
IncludeGroundShine = False
IncludeResuspension = False
GroundExposureStartTime = 0.000
GroundExposureStartUnit = days
GroundExposureDurationTi me = 4.000
GroundExposureDurationUnit = days
PromptNeutronRBE = 3.0
DamageRatio = 1.0000E+00
PlumeFormat = .PLM
DisplayGoogleContourValues = True
InnerGoogleContourColor = ff0000ff
MiddleGoogleContourColor = ff0055ff
OuterGoogleContourColor = ff00aaff
GoogleLineWidth = 7
TypeOfPromptContour = Combo
Visibility = 80 km

EyeSunStatus = Day
ConstantResuspensionFactor = 0.00001

FalloutPowerOne = -1.2000
FalloutPowerTwo = - 2.2000
TimeZoneDeltaHours = -8.0
BallisticOption = False
BallisticParticleDensity = 2.50000

Ballistic100Bin = 0.09000
Ballistic200Bin = 0.10000
Ballistic300Bin = 0.12000
Ballistic400Bin = 0.11000
Ballistic500Bin = 0.11000
Ballistic600Bin = 0.11000
Ballistic700Bin = 0.10000
BallisticBOOBin = 0.09500
Ballistic900Bin = 0.08500
Ballistic1000B in = 0.08000
HotSpotVersion = 2.07.2
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7. HotSpot Algorithms

There are many implementatioofsthe Gaussian model, and so for compless, the

following summary is included. The Gaussian model has been widely used and verified
in the scientific community and is still the basic workhorse for initial atmospheric
dispersion calculations. The Gaiassmodel generally pohces results that agree well

with experimental daten simple meteorological and terrain conditipasd as a result,

has found its way into most governmental guidebooks, and is also used and accepted by
the Environmental ProtecticAgency (EPA, 1978). The origin of the Gaussian model is
found in work by Sutton (1932), Pasquill (1961, 1974), and Gifford (1961, 1968).
Additional background and supplemental information on the Gaussian model can be
found in Turner (1969), Hannat al (1982, 1987, 1989), S. Pal Arya (1999).

Figure 7.1 HotSpot Coordinate System

In the HbtSpotcodes, the coordinate origin is located at ground level, beneath the point
of radionuclide releasgx = 0,y = 0, z = 0). Thex axis is thedownwind axis, extenthg
horizontally with the ground in the average wind di@t They axis is thecrosswind

axis, perpendicular to the downwind axis, also extending horizontally. The z axis extends
vertically from the groundA plume travels along, or parallel to, ttl@vnwind axis, and
reelects off the ground surface when the plume touches down.
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Gaussian Equation

The following Gaussian model equations determingithe-integratecatmospheric
concentration of a gas or aerosolat any point in space

2 2 2
z—H z+H
C(x,y,z,H)zLex —% L ex| —;[ ] +ex —;[ ] exp{—ﬁx} DF (X)

27cyo zu oy

If the inversion layer option is in effect, and exceeds the inversion heighf(the
following equation is used.

Q 1y F{ lx}
Cx,y,zH)=———exp——| —— | [exg —— | DF(X
Y o™ 2 TR

To avoid the sharp transition between the two above equations, the transition into the
inversion layer equation begins whepequals 70% ok and is complete whes, equals

L. Between these two values, the two equations are linearly interpolated.

Where

Time-integrated atmospheric concentrat(ﬁh—s)/(n?).
Source term (Ci).
Effective release heiglim).

Radioactive decay constant @

Downwind distance (m).

Crosswind dstance (m).

Vertical axis distance (m).

oy Standard deviatioof the integrated concentration distribution in the

crosswind direction (m).

N< XN T.OO0

oz = Standard deviation of the integrated concentration distributitme
vertical direction (m).

u = Averagewind speedit the effective release height (m/s).

L = Inversion layer heightm).

DF(x) = PlumeDepletion factor
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Plume Passage Dose

In HotSpot, it is assumed that the target individual remetitise same downwind
location (x,y, z) throughout th@assage of the plunand the defaultelease duration of
radioactive material is 1inutes If you aremodelinga scenario witltifferentrelease
durationyou can change the salimg time(seeSample Timéelow).

Atmospheric Stability Classification

Meteorologists distinguispeneraktates of the atmospheric surface lsaggto how they
compareo the adiabatic lapse ratenstable, neudl, and stable These categories refer
to how a parcel of air reacts when displaced adiabatically in the vertical direction.
HotSpotallows you to select the atmospheric stability classification in two ways.

For those not familiar with the different stitly classifications HotSpotwill select the
appropriate stability classification based on tisput of direct observations. Or, users

can directly select and force a particular stability classification. The simplified method
requires selecting the solasolation factor and the ground wind speedn(Beight).
HotSpotautomatically determines the atmospheric stability category from the matrix in
the following table. This table contains criteria for the six stability classes, based on five
categories o$olar insolation. The scheme is widely used in meteorology and is accepted
for stability class estimates.

Meteorological conditions used to define the Awospheric Stability Categories AF
used inHotSpot

Ground wind Sun highin Sun low in sky Night

speed (M/s) sky or cloudy time
<2 A B F
2-3 A C E
3-4 B C D
4-6 C D D
>6 C D D

Pasquill Stability Types:

A: Extremely Unstable (o9 = 25 degrees)
B: Moderately Unstable (o9 =20 degrees)
C: Slightly Unstable (cg= 15 degrees)
D: Neutral (o9 =10 degrees)
E: Slightly Stable (cg= 5 degrees)
F: Moderately Stable (o9 = 2.5degrees)
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Worst -Case Stability

For an elevated release, the location of the maximum concentration depends on the

stability class chosen. For materials witegp osition velocityof zero and a release

point at or very near GROUND LEVEL, the maximum concentration isygw

associated with AF0 stability. However, if t
worstcase stability at | arge downwind distance

stability due to the effects of plume depletion, i.e., the concentratitre @lume

decreases at a faster rate with increasing stability clag3 éid increasing deposition

vel ocity. For example, at a specific | ocatio
concentration than AFO0O due ittoh LAESDS sptlaubmel idteyp
effect is minimal for deposition velocities less than 0.1 cm/sec.

Special G Stability

On occasion, it can be difficult to reconcile differences between various dispersion model

results such athe National Atmospheric Releagalvisory Centes (NARAC), LODI

(Leone et al, 200Inodel,and those of Gaussian plume models such as HotSpot. A

significant difference may be caused by different model assumptions about atmospheric

diffusion in nighttime, stable conditions. For stabemo s pher i ¢ condi ti on o
stability and 1 m/s wind speed (often used for conservative calculations for devehd

releases), a Gaussian Plume model may give a much more conservative result than

NARAC due to the way a stable atmosphere is treated.

Anat mospheric stabil ity nighttaneconditohs)iitk@10( moder a
meter height wind speed of 1 m/s (about 2 m
common for the wind direction to fluctuate significantly at such a low wineédpe

However, Gaussian plume models typically assume minimal fluctuations in wind

direction for F stability class. This results in narrower plumes and higher concentrations.

This conservative methodology is assumedatSpotto be in concert with various

government publications (e.g., EF&reen Book). HoweverHotSpotal so has a AGO
stability class option specifically faxtremelystablelow-wind speed conditions. This

option uses a motgypical, larger fluctuation in the wind direction (standard desraof

25 degrees is the default assumption), which produces a more rapid dilution of the plume

and lower air concentrations. The G stability option agrees well with the NARAC model

results for nightime, stable conditions, under simple, homogenous métgjpcal

conditions. Under more complex meteorological conditions NARAC model results may

differ for other reasons, including detailed atmospheric flow, transport and deposition

processes not included in simpler Gaussian plume models.

Diffusion experiments under clear, nearly calm nighttime conditions suggest that
horizontal diffusion is actually greater (i.e., Iargg,b thanmodeled withF stabilitydue
to increased plume meander. The standard deviation of the observed wind flostunatio

the horizontal directiong-theta, can be very large. The obserwgettheta values during G
stability conditions correspond to anything between categoii€s ife., diffusion in
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terms of tabulated dispersion parameters is indeterminate during Bystainiditions
(Hanna, 1982). The diffusion can best be estimated using the actual measuresnent of
theta. If the G stability class is selected, the user is promptedtf@ta, and the
applicable stability class used for the horizontal diffusion compent. F stability is
alwaysassumed for the vertical component.

Determining oy and o7

Once the atmospheric stability category has been determined, HotSpot uses the equations
given in Table 2 to estimatg, andc, for two terrain typesStandard and CityThe City

terrain factor accounts for the increased plume dispersion from crowded structures and
the heat retention characteristics of urban surfaces, such as asphalt and concrete. The
City terrain factor will estimate lower concentrations thansthedad factor, due to the
increased dispersion from large urban structures and materials.

The most widely used scheme to estimgj@ndc; was developed by Pasquill (1961).

Briggs (1973) combined the Pasquill curves with curves derived from data observed at
Brookhaven National Laboratory and the Tennessee Valley Authority, the latter including
observations out to a downwind distance of 10 Bniggs incorporated theoretical

concepts regarding asymptotic limits of the formulas to produce a widely used set of
equations foty andoz.

The equations are associated with dispersion experiments conducted over short grassy
surfaces wittan averagsurfaceroughness heighZ,, of 3 cm. (Note: thesurface

roughness height is approximately equal to the physical height divided by 10, e.g., a
surfaceroughness height & cmwould be associated with a field of objects with an
average physical height 80 cm). Briggs' formulas are applicable from a distance of 0.1
km to approximately 10 km and are extendible to 20 or 30 km, although Briggs does not
recommend this extension. However, for lack of any other validation schemes, these
formulas are commonlysed out to a distance of 100 km.

HotSpot limits the maximum downwind distance to 200 km. However, this implies a
constant wind speed and direction, which is highly unlikely at such large distances.
HotSpot limits the minimum distance to 0.01 km, as it is generally not recommended to
extrgpolate thesy ando7 data below a distance of 10 meters. At such short distances, the

actual geometry of the source will tend to increase the initial dilution resulting in lower
doseestimatesThe ExplosionFire, and Resuspensianodels automatically
approximate these sourtee r m geometri es and users can
Setupoption to model user defined line and area sources.
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Equations used to determinesy and o5 derived from Briggs, 1973.

Standard Terrain

Pasquill

Oy (meter) Gz (meter)
Type
0.22x 0.20x
A J1+0.0001x
0.16x 0.12x
B J1+0.0001x
0.11x 0.080x
c J1+0.0001x J1+0.0002x
0.08x 0.060x
D J1+0.0001x J1+0.0015x
0.06x 0.030x
E J1+0.0001x 1+ 0.0003x
0.04x 0.016x
F J1+0.0001x 1+ 0.0003x

Graphical representation of the above equations for sigmg (standard terrain)

10000

Sigma -y

1000

,,,,,,,

100

—
—

Sigma-y (meter)

0.01

0.1 1
Distance (km)

10

100
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Graphical representation of the aboveequations for sigmaz (standard terrain)

Sigma-z
100000

10000

1000

100

Sigma-z (meter)

10

0.01 0.1 1 10 100
Distance (km)

Equations used to determinely and d;

City Terrain
Pasquill Oy (meter) Gz (meter)
Type
0.32x 0.24%+/1+ 0.001x
A-B J1+0.0004x
0.22x 0.20x
C J1+0.0004x
0.16x &
D J1+0.0004x J1+0.0003x
0.11x ~008x
E-F J1+0.0004x J1+0.0015x

x = downwind distance, meter
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Sample Time

The equations for the standard deviation of the Gaussian concentration distribution in
crosswind direction by) arerepresentative of observing plume characteristics over a
time period of 10 min. In thElotSpotcodes, this averaging time is referred to as the
sampling time. Concentrations downwind from a source decrease with increasing
sampling ime primarily because of a Iarge{, due to an increased meander of wind

direction.The following photographs (Slade, 1968) demonstrate the effect of sampling
time. In the first photograph, the camera exposure duration (sampling time) was 1/50

second,antt he pl ume shows the Ainstantaneouso

second exposure duration of 5 minutes results in a smoothed cloud concentration (and

reduced average centerline concentration)

values ovethe 5 minute sampling time.

Sample time = 1/50 sec

7-8
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Sample time =5 min

In theHotSpotcodes, the default release duration of radioactive materialrsrifes

If you are interested in a scenario with a release duratiomodid, youshouldchange

the sample time to 6@in. The sample time for the explosikelease programs is fixed at
10min and cannot be altered. However, the sample time may be changed in non
expl osive pr ogr amsinHotSpot the dolloviggEequatiBroadjustom u
sampling times different than 10in (Hanna, et al., 1982; Gifford, 1975

i 0.2

Y| 10 ’

Gy = 10-min standard deviation of the concentration distribution.

Gy' = Standard deviation for averaging tinie,

Effective Release Height

The actual plume height may not be the physical stack height. Pluncamisecur

because of the velocity of stack emission, and the temperature differential between the
stack effluent and the surrounding air. The rise of the plume resultsrioraase in the
release height.



Hot Spot Wser 6s Guid 7. Hotspot Algorithms

This effective release height leads to lower integrated concentrations at ground level. If

you cannot estimate or calculate the effective release height, the actual physical release

height (height of the stack) or zero for grotladel release should beads This will

usuallyyield a conservative estimaigg., larger radiation dosésr all downwind

receptorsetq. If you are using thélotSpoti Ge ner a l Pl umeo or ATritiu
models, an optional check box enables the Plume Rise Calculation.

Wind Speed Variation with Height

The Gaussiaplume equation requires the wind speed at height H, the effective release
height.Wind speed data are typically referenced to a height of 10 meters. Thedattual
might bemeasuredt a different height, e.g., using data from a 61 meter meteorological
tower and thethese datare adjustetb a 10meter reference heightiotSpotuses the
following powerlaw formula toadjustthe wind speed for all effective heights greater
than 2meters(if the release height is less than 2 metdtSpot will adjust the wind

speed to a height of 2 meters)

p
u(H) =u(z>(§j

Where
u(z) = Wind speed (m/s), atferenceheicht z (m)
H = Effective release height (m)
u(H) = Wind speed (m/s), at heighit(m)
p = Factor from the following table.

Exponential factor, p, used byHotSpot for calculating wind speed variationwith
height (from Irwin, 1979)

Standard Terrain

Stability Class

A B C D E F
0.07 0.07 0.10 0.15 0.35 0.55
City Terrain
Stability Class
A B C D E F
0.15 0.15 0.20 0.25 0.40 0.60

7-10



Hot Spot

kser 6s

Gui d

7. Hotspot Algorithms

Note: Some dispersion models do not adjustvired speed for release heights belaw
specific reference height. Fexample for release heights below 10 metdvihCCS2
assumes the wind speecerpual to the 1Oneter reference heighilue.Suppose you
want to compare the results of HotSpath MACCS2using wind speed dataferenced
to a height ofLlO metes. If the release scenario assumgsoaindlevel releasérelease

height = 0) HotSpotwill adjust the 1émeter wind speed data to a height of 2 meters
me t e r sTocomparetite two codes (used

( Wi nd

speed at 2

the same wind speed values in the Gaussian equation) the HotSpot wintlesghed

correction must be turned offtlo use the wind speed data without height correction, the

AWind RefH e i grhHot&potmust beset to 2 meters.

P HotSpot Version 3.(

File  Help
Models

Terrain

@ Standard : Conservative Option
 City Large Metropolitan Area
[ Input Surface Roughness

™ Enable Inversion

Wmd Ref Height Sarnple Time tEource Geometry
2 meters |1D min Simple
 Complex
¢ Mixing Layer — ]

| Source Term| Meteorology | Receptors Setup |

Radiological Units
& Classic (remn, rad, Ci)
Sl (Sievert, Gray, By

Distance Units —
& Matric
 English

Explosion Model AF Distribution
User-input Yertical AF Distribution

1= | Chiange/yiey /AR Bistrititian

=1olx|

Output |

DCF Library
’1" FGR 11

C FGR13

 Acute (30-days)

—Ground Shine & Resuspension
™ Include Ground Shine (VWeathering Correction Factor : Mong)
™ Include Resuspension (Resuspension Factor : Maxwell-Anspaugh)

Exposure Time: (Start: 0.00 days; Duration: 4.00 days)

Breathing Rate

3.33E-04 m3/s

Holdup Time
’VID min

Contour Values

TEDE (rem|

Inner 1.00
Ididdle  [0.50
Outer |10

Deposition (uCi/m2)
Inner 100.00

Iliddle 10.00
Outer I‘\.DD

@ uCiim2 ¢ dpm{i100 cm2)

Mon-respirable Deposition Welocity
’7 g crr/sec

Wet Deposition
’V I™ Enable Rainout

Return to Original Detautts
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Surface Roughness Height

As previously discussed, Sthnelardeteqajnagahdons used
o values are associated with dispersion experiments conducted over short grassy

surfaces with an average surface roughness h&gtf 3 cm. Thesurface roughness
heightaffects thes, valuesfor each of the atmosphestability classes (AS). The
committed effective dosandrespirableime integrated air concentration values, for a
surface roughnedwightgreater than the standard terrain value of 3 cm, will differ by the
ratio of the roughnedseightcorrecteds; andthe standard terrais,. Thec, correction

is as follows (Hannat al, 1982 pages 6 and 29

t
t
oY)

Where:

o, = Standard deviation of the vertical concentration (standard terrain) .
o, = Standard deviation of the vertical concentration for sunfacghness
height Z.

Zo = Surface roughness height, dvute: the roughness height is approximately equal
to the physical heighdf obstacleslivided by 10HotSpot limits theZg valuesto a
range of 3 cm to 300 cm.

p = Exponentin the range of 0.100.25, and assumed to be 0.2 in HotSpot

The following figure shows th&, -correcteds, values from 1 km to 10 ks dashed

linesfor severalZ, values with stabilitclass D The corrected, valuesincrease with

increasingZy, andfor example, stbility class Do, can even exceed uncorrected stability

class Goy valuesNo Zy-correctoni s r equi r ed owehanmstoedvalug N Ci ty
associated with typical city structuresnsluded incsy andc, values.
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Effect of Surface Roughness on Sigma Z for D Stability
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Plume Depletion

Dry deposition

Very small particles and gases or vapors are deposited on surfaces as a result of turbulent
diffusion and Brownian motion. Chemical reactions, impaction, and other biological,
chemical, and physical processas deposit material on tigeound.This process is

called dry deposition, and tledfectivedeposition velocity€.g.,in units of cm/s) is

empirically defined as the ratio of the observed deposition #ux,{n units of uCi

/(cn-s)) and the observed air concentrathear the ground ace (uCicm®). As this

material is deposited on the ground, the plume above becomes ddptategotuses a
sourcedepletion algorithm to adjust the air concentration in the plume to account for this
removal of material.

For most materials, a dry depien velocity of aboud.3cm/s can be assumed and the
dry depositiorflux to the surfacee(g.,uCi /(cn-s)), can be assumed to equal the dry
depositionvelocity timesthe concentration (Hanna and Britter, 2002). However, as
shown in the figure belowhé dry deposition velocity varies several orders of magnitude,
depending on the chemical species of the source term. For perspective, the most
extensively measured dry deposition velocities are for sulfur dioxidg €@ iodine
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(I2), with values for the former ranging from 0.6dh/sto 7.5 cm/s, and those for iodine
ranging from 0.0Zm/sto 26 cm/s, depending on the ground surface and
micrometeorological conditions (Bal Arya 1999).

To be in concert with the NRC codeR A S C AUSNRC, 2000)and the Department of
Energyds NARAC the default dry deposition ve
source term is 0.3 cm/s.
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Species

Experimental data on dy deposition velocities for various gasesanked in
approximate order of chemicalreactivity (S. Pal Arya, 1999)

HotSpotuses a duadleposition velocity methodology. A separate deposition velocity is
used for respirable partid¢less than 1@nicronaerodynamic diameter) and ron
respirable partice(greater than 1éhicronaerodynamic diameter) portions of the source
term. The default values are:

Respirable Source TerBeposition Velocity = 0.3 cm/s
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Non-respirable Source Term DepositiVelocity = 8cm/s

(Based on empirical comparisowgth NARAC deposition d&a)

These default values can be changed by the user if more applicable data are available
(e.g., increased deposition due to chemical reactivity, etc.). The conservative assumption
(greater concentration estimates), would be to assume that the depeddity is

always zero. However, this is only true of noble gases such as krypton and xenon, and
such an assumption would result in unrealistically large concentration estimates at large
downwind distances.

The respirable and nonrespirable source tem components aredefined as follows

Material at Risk(MAR): The total quantity of the radionuclide involved in the release
scenario

Damage RatidDR): The fraction of the MR that is actually impacted in the release
scenario.

Leakpath Factor(LPF): The fraction of the MR (modified bythe DR), that passes
through some confinement or filtration mechanism. For unmitigated release scenarios, the
Leakpath Factor is 1.

Airborne Fraction (ARF): The fraction of the material at risk that is aerosolized and
released to the atmosphere.

Respirable Fraction(RF): The fraction of aerosolized material that is respie (AMAD
= 1 micron).

Respirable Release Fractiomhefraction of theMAR that is dispersed into the
atmosphere with an AMAD of thicrorn, Respirable release fraction ARFx RF.

Non-respirable Release FractionThe fraction of the material at risk that is dispersed
into the atmosphere with an aerodynamic dimim excess of 1ficrors.

Non-respirable release fraction ARF x (1-RF). The final HotSpot respirable and non
respirable source terms are

Respirable Source Term MAR xDR x LPF x ARFxRF

Non-respirable Source Terrs MAR x DR x LPF x ARFx (1-RF)
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The source term iRlotSpotis allowed to decrease with downwind distancas plume
depletion isaccomplishd by multiplying the original source term by a soudapletion
factor [DF(x)]. The evaluation of this depletion factor has been described by Van der
Hoven (1968.

Thesourcedepletion factoequation used irlotSpotis:

) v |2
X uvsr
1
DF(X)=| exp > dx
1] H
o-z(x)ex 5
0 o Z(X)
Where
DF(x) = Depletion factor(dimensionless)
X = Downwind distance (m)
\Y = Deposition velocitycm/s)
u = Average windspeed at the effective release hejigth(m/s)
H = Effective release height
04(X) = Standard deviation of the air concentration distribution in the

vertical direction (z axis) foeither Standarterrain(adjusted
for surface roughneg®ightif applicable)or City terrain.

The followingfigure shove the Depletion Factor (DF[xipr a deposition velocity of 1
cm/s. Plume depletion is significant for stable conditions, and source release heights in
proximity to the ground.
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Plume Depletion Factor (DF[x]), for a wind speed of 1 m/s, a depition velocity of 1 cm/s, for

source heights from 0 to 100 meters above the ground for stability classes=A
(Van der Hoven 1968)

Wet deposition

The theoretical treatment of wet deposition is often divided into rainout (scavenging
within the raincloud), and washous¢avenging below the rain cloud).In many practical
applications and HotSpot, the two processes are simply combined and treasathées a
removal process. If the wet deposition option is enabled in HotSpot, the effects of
precipitation will be modeled by exponentially decreasing the radionuclide concentration

as follows.

Where

C'=
S:

C'"x,y,z = C x,y,z e

concentration (Cih®)
washout coefficient (§

—-Ax/u
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u=  mean wind speed (mis)

Typical Coefficient values

Rain rate (mm/hr) Rainout Coefficient")

0.5 0.0001
1 0.0002
5 0.0006
10 0.0010
15 0.0013
20 0.0017
25 0.0020

Ground Shine

Radioactive material deposited on the ground can continue to expose individuals via
ground shine and/or resuspension. HotSpot dose conversion factors for ground shine

assume a perfectly smooth plane.

Two optional Weathering Correction Factor (W@kgthodologies &wve been
implemented in HotSpot:

1. WASH 1400 (NUREG75/014)*

Where

Ref: WASH1 4 0 O ,
i dent

AcCcC

WCF = GRF [0.63 €29+ 0.37 d*%07%9]

t
GRF

= years post release

= Ground roughness correction factor (default = 0.7)

Equation VI E1).

2. Likhtarev*

Where

WCF = GRF [0.4 €9+ 0.6 €294

t
GRF

= yearsafterrelease

A Readtder, 0S Afpepteyn dGw VI ,
Cons e qu e n8¢cHysation VI BINasCreférnedtd as

= Ground roughness correction factdinjensionless).
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(default = 0.7)

Ref : Likhtarev I . A. et al., AChernobyl A
Esti mates of External Dose of the Popul at
2002, Volume 82No. 3, pp. 290303, Equation 5.

*The Likhtarev weathering equation included

WASH-1400 did not include a GRF in the weathering factor, as it was a separate

variable. In HotSpot, the GRF is a variable in both the WASZ6D and Likhtarev

implementations, with the default value being 0.7t¢fdre A Nucl ear Expl osi on
Note The default is 0.82 for nefallout radionuclide ground shink/sers may change

the GRF as needed.

Plume Rise

Ah —

I
Physical height, h

Effective height, H=h + Ah

The actual plume height may ru¢ the physical release heightd.,the stack height).
Plume rise can occur because of the velocity of the sifflcik, and the temperature
differential between the stack effluent and the surrounding air. The rise of the plume
results in an increase the release height.

This effective increase in release height leads to lower concentrations at the ground level.
If you cannot visually estimate or calculate the effective release height, we recommend
you use the actual physical release height (the hefghe stack) or use zero height for a
groundlevel release. This will almost always yield conservative estimates.

If the release is from a stack, and you know additional information on the stack discharge
velocity, temperature, and stack diameasy.(if you are designing a new stack for a
building), HotSpot can automatically calculate the effective release height

HotSpot calculates both the momentum plume(Bsigs, 1969) and the buoyant plume

rise (Briggs, 1975) and chooses the greater of the two results. The recommended
methodologies in the above two references are strictly followed.
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Buoyant Plume Rise

The buoyancy fluxF, is:

F :rzgv(l—h] m*/ &)

Ts
Where:
g = gravitational acceleration (9.8 rdJs
% = stack exit velocity (m/s)
r = stack radiusn)
Ta = ambientair temperatur¢degK)
Ts = stack effluent temperature (deg K)

The effective releadeeight, H,due to buoyancy plume rise is determined as follows,
(Briggs, 1975).

For atmospheric stability classificationsB,,C, and D(Unstableto Neutral)

u(h)

H=h

Where:
h = physical stack height (m)
u(H) =wind sgeed at effective release height/s)
X* = distance assmated with final plume heighm)
(Munger, 1982)
X* =119F 040 for F > 55

X* =49 0.625 for F <55

For stabilityclassifications EF and G(Stable),

foru(H) > 1.4 m/s
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F j1/3

H :h+2.6(
u(H) S

foruH)<1.4 m/s

H=h+50p1/45-3/8

Where:
S =0020g/H| for stability class E
S =00359g/F| for stability class F

Momentum Plume Rise

The effective release height due to momentum plumesrdetermined as follows,
(Briggs, 1969).

For atmospheric stability classificationsB,,C and D,(Unstable to Neutral),

H= h+_6vr
u(h)

Where:
v = stak exit velocity(m/s)
h = physicalstack height (m)
r = stack radius (m)
u(h) = wind speed at physical stack height/s)

For stability classifications E and F,

F 1/3
H=h+15__| gU6
u(H)

Where:
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5 . (mA/s2)
F=0.25(2r v)

S =0.000875 for stability class E
S =0.00175 for stability class F

Fuel Fire Plume Rise

In the specific case of a fuel fire (e.g., an aircraft accident involving burning fuel), you
have the option of having HotSpot calculate buoyant plume rise. The momentum plume
rise for a fire in open terrain is minimal compared to the buoyancy rise afatrtrey is
assumed to be zero.

Two important parameters in the determination of plume rise are the heat emission rate
(Q) and the buoyancy fluEj. For a fuel fire, the heat emission rate is

Q =3785VdH (#)/t

Where:

Q = heat emission rat(cal/s)

3785 = volume conversion factgcm3/gal)

Vv = volume of fuel (gallons) burned in timat (s)

d = fuel density (g/crd)

H = heat of combustion (cal/g)

f = fraction of the heatf combustion that is radiated (dimensionless)
t = duration of fuefire (s).

Note: The volume of fuel consumed in time t determines the buoyant plume rise.
Experiments have shown that burn rates, given in terms of pool depth rate, generally
fall within the range of -6 mm per minute (Drysdale, 1985).

In HotSpot, it isassumed that 30% of the heat of combustioadgated fuel density is 0.81

gram/cn®, and thedefault heat of combustion 1s2E+04 cal/g. Therefore, the above
equation becomes,

Q= 2.58E+07 V / t

Given the heat emission rate, the buoydheyis,
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F=gQ/nCpT m?/ 3

g = gravitational acceleration (9.8 r%)/s

C = specific heat of effluent gasges (0.24 calkg)
p = density of air (1.2€+03 g/m)

T = ambient air temperatureK)

Therefore,
F=0011Q/T

The effective release height due to buoyancy plume rise is determined as follows,
(Briggs, 1975).

For atmospheric stability classificationsB,,C, and D,

H=1.6F)" (X% / u(H/2)

Where:
H = effective release height (m)
X* = distancg %ssociated with dilnplume height (m) (Munget982)
X* =119 ) for F >55
0.625
X* =49 &) forF <55

For stability classifications E and F,

H=2.6[F/us]*®

Where:
S =0.020g/ | for stability clas€E
S =0.035g/| for stability class F

Briggsd plume rise equations for plume ri se
negligible radius. The plume rise from a burning pool of fuel will be less than the Briggs

value. For a burning pool o&dius R), the calculated plume rise is nifoed as follows

(Mills, 1987):

H=[H+ R/} °i RIy

Where:
H = Effectiverelease height via the Briggs methodology (m)
R = Radiusof burning fuel poo(m)
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Y = entrainmentoefficient for buoyant plume rise, Q.@imensionless)

Two upwind virtualterm point sources are used to model the initial distribution of
material in the vertical and horizontal dimensions. The vitierath point sources are
positioned at an upwindstance resulting in sgmay andsigmaz, above the origin,
equal to 50% of the input pool radius.

Upwind distance, dz, for for determination of sigma-z (x + dz)

z
2 sigma-z (x +dz)

<~ (7 —m8m8M >

Upwind distance, dy, for for determination of sigma-y (x + dy) 2 sigma-y (x +dy)

i, 4 radius = 2:sigma-z

Upwind virtual

source terms R”e \

Upwind = Downwind

-y

sigma-y (x=0) = sigma-z (x=0) =0.5R

A single elevated area source models the initial distribution of material. This area source
is represented by 2 separate upwind virtgaurce terms. Each of these two virtual

source terms is associated with the horizontal (crosswind) and vertical components of
the area source.

In the above figure, the two upwind virtual source terms for the area source are shown.
The td@®rmdiicat es t he stanpewsed fdrthé horizonfgy al 0 di
componentd0 drsd tthlree ufpwi nd di stance for the v

virtual distances are determined by solving for the upwind distance that resud1§ ina
or G4, directly over the fire. The applicable algorithms tD)p andoc, areused where

the value oby ando, aredefined below. This is an iterative process (see example
below).
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» oydirectly above the fire equal to 50% of the fireivsdNote: 95% of the fire
debris is contained within a radius equal @, 2thereforeSy = radius/2)

» Ozdirectly above the fire equal toy as defined above
e A Sampling Time of 10 minutes is used for the determination of the upwind

virtual source term distances éihd @)
Example of calculating an upwind virtual source distancedy

Determine the upwind distancay, for a fire radius of 500 meters. The equationdQr

is used to determine the upwind distance required to genergtequal to 50% of the
fire radius (250 meters). This is an iterative process.

F stability

Radius = 500 meters

Standard Terrain

ForiFo stability and Astandardo terrain,

0.04x

7Y~ 1+ 0.0001x

where x = meters

Equation 1

We want to solve for x gy foroy=R/2.
Letting oy = R/2and solving fody in Equation 1:

(R/2),/1+0.0001d ,

dy 0.04

Sincedy is on both sides of the equatidtotSpotiterates until the difference in
successive iterations is less than 0.1 %.

1st iterationgdy (1), Note: The initial d is O (zero).

(500/ 2),/1+0.0001(0) 6

5x103 meters
0.04 L

d y(l) =
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(500/ 2),/1+0.0001(6.25x 1 0)
0.04

d,@= =7.97x1(Q meters

(500/ 2),/1+0.0001(7.97x 10%)

=8.38x103 meters
0.04 *10

d y(3) =

(500/ 2)y/1+ 0.0001 (8.38x 10°)

=8.47x103 meters
0.04 10

d y(4) =

(500/2),/1+0.0001 (8.47x10°)
0.04

dy(5) = =8.49x10° meters

(500/ 2),/1+ 0.0001(8.49x 10)
0.04

dy(6) = =8.50x10% meters

(500/ 2)/1+ 0.0001(8.50x 109)

=850x10° meters
0.04 10

d y(7) =

The new value is within 0.% ofthe previous value, so the iterative process is complete.

Therefore, the virtual upwind distance for the horizontal component of the areadygurce
is 8.50x 10°meters, or 8.50 km.
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Explosion (Non -nuclear)

The release is partitioned as follows:

Upwind distance, dz, for for determination of sigma-z (x + dz)
z

-~ dz(h=5) ————— >

- dy (h:5) —_—

2 sigma-z ( x +dz {h=5})

——

Upwind distance, dy, for for determination:of sigma-y (x + dy), /7[

" Yadius = 2 sigma-z

h(s)

N
“““ L ‘re‘tc‘iius =2 sigma-y h(4)

2 sigma-y ( x +dy {h=5})

h(3)

Upwind virtual H.,
source terms y
h(2)
h(1)
Upwind Downwind X
sigma-y (x=0) = 0.5 cloud radius
sigma-z (x=0) = 0.2 cloud top
Cloud top = 76 (wf)'25 (meter) Y Source distribution
Cloud radius = 0.20 cloud top (meter) 20% @ h(5) = 0.8 cloud top

where: w = pounds of high explosive (church, 1969) 35% @ h(4) = 0.6 cloud top
25% @ h(3) = 0.4 cloud top
16% @ h(2) =0.2cloud top
4% @ h(1) = ground level

Five separate area sources model the initial distribution of material. Each of the 5 area
sources [ h(1) to h(5) ] is represented by 2 separate upwind virtual sourceTieeses.

two virtual source termareassociated witkitherthe horizontal (crosswinar the

vertical components of the area source.

In the above figure, the two upwind viaiusource terms for the fiftin(5) ], area source
are shown.y Tihrediteatme $idt he upwi ndhorizontalr t ual 0
(y), component of h(5pandt h e0 fiids t he upwind distance for
component of h(5). The virtual distances are determined by solving for the upwind

distance that results inoay or G4, over the point of explosion. The applicable
algorithms forcsy ando; areused g§eeatmosphericstability classificatior), where the
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value OfGy ando, are defined below. This is an iterative process (see Fuel Fire
Example).

e Gyover the explosion point equal to 50% of the cloud radius defined above
component. (95% of the cloud debris is contained within a radius equai,,to 2

thereforeSy = radius/2).

e Gy over the explosion point equal to 20% of the cloud top. If the equatian,for
never approaches the 20% criteriarhich ispossible for very large explosions, and
stability class E or F), the targe}, value is forced to 20% of the cloud top.

e A Sampling Time of 10 minutes is used for the determination of the upwind virtual
sour@ term distances {dnd g@).

The initial explosive cloud top is based on the empirical correlation described by
Churd (1969) and can be modified as described bel®his correlation yields the
stabilized cloud height based on tiiantityof chemicalexplosive (TNT equivalent).

The following figure shows the observed explosive cloud height as a function of time
sincedetonatiorfor theDouble Trackshot in theRoller Coaster series of experiments

in 1963 at th&onopah Test Range in Nevada (Fosted., 1990).To better estimate

the deposition and dose in proximity of the detonation, the virtual source term array
height is reduced for plume arrival times less than the time required to attain a stabilized
cloud heightin HotSpot, it is assumed thagtleloud height requires 2 minutes to

stabilize For arrival times less than 120 seconds (arrival time [sec] = downwind
distance [m] / surface wind speed [m/s]), the array height reduction factor is determined
using the polynomial displayed in the figurelow.

Double Tracks Cloud Rise

0.8 A

0.6 A

0.4 -

Fraction of Final Cloud Height

0.2 y = 1.07E-07x° - 7.65E-05x? + 1.52E-02x + 8.21E-02
R? =9.95E-01

0 50 100 150 200
Time (seconds)

Cloud height as a function of time for Double Tracks
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Green Field Explos ive Cloud Height

The Green Field ISharonet al2010 project conducted a series of explosive detonations to
primarily study the resulting timdependent particulate matdrédoud rise associated with the
thermal buoyancy of the gases produced by detonatiof56fto 1101b (0.25to 50 kg) of high
explosive. From analysis of the data an empiridadlged expression was derived to describe the
time-dependent height of éhcloud top (h) in meters as a function of guantityof the explosive

(w) in poundsand the time since detonation (t) in seconds for urestaid stable/neutral
atmospherg

Theexpression for the time after detonatiay) @t which the maximum cloudse is attained (e.g.
the time at which theleud becomes thermally neutral) is,

t_(w)=216w"*

The expressiator the stabilized cloud togH) as a function of high explosiyer unstable
(Stability class A, B and Cand Stable/Neutral (Stability class D, E F, and G) are,

H(w) = 27.4w**®  Unstable
H(w) = 23.3w’**  Stable Neutral

The HotSpot user interface has been changed to allow users to use the Green Field

parameterization. Aheckbox has been added to the existing
Cloud Distr(iMai hom®d tpSapncetiwhefietsers anefalde tofmake m)

adjustments to the default Church formula calculation (see Figure below). As with many other
checkboxesa brief message is displayed when the cursor is positioned over the checkbox. In this

case the user is notified that this new option may be most appropriate for detonations of about

100 pounds or less and is based on recent explosive cloud rise experitheneforethe

Church formula is still used above 100 pourglseen when the new option is selected

The Churcch ei ght corr ect i on GreenEi¢ldQOptiom sc meod k ulsaexd i ¢
checked. \@reenrFeld @ptiodt o @ e 8 kK bd) theChuschheighe ¢ k e
correction factor is reset to 1.00000 and not changeable by the user (grayed out).
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HotSpot Health Physics Codes

Airborne Source Component Cloud Distribution

Fraction of Total AF

he)

| 035000

. M 0.25000

Church-height CF - AP 0.16000

\ /
v Green Field Option \ | mened—
1

) Total
| T |

I” Include Ballistic Particles (If Airbome Fraction < 1)

Return I

Ballistic Particles

Extensivestudies have been conducttdsandia National Laboratms (SNL), to characterize
the particulate material resultifigpm explosive detonatiorislarper, et al., 2008] Thiswork and
other experimentsdicatethat detonationgvolving the release of a large variety of
substancesan result in particles ranging in size from a f&w in aerodynamic diameter (AD)
to a thawsandum, or more. Thesstudies also indicate thparticles larger than approximately
100um AD do not become entrained in the ltwiud of gasedyut separate from the rising
plume and follow ballistic trajectmsindependent from the buoyancy effeproduced by the
detonation.These larger particles typically fall to the surface within several tens to a few
hundred meters of the detonation location

The ballistic parameterization imphented in HotSpot requires th@a, Xmax and X

parametergsee fgure below using algorithms contained in tiseatterMemodel The X

parameter ishie xaxes location of maximuiallistic particle deposition. ThecatterMemodd

was developed in the course of investigating and interpreting ballistic particle deposition at SNL.
Model details areliscussedn the publication byHarper, et al[2008].

- o
“ *f Ymax
+ ) v 4+
i
y, AS
e . I |
—= X |‘fmax
Y max X max

Schematic of idealized parametes in Scatter Memodel
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In HotSpot, theballistic component of the source term (100 ud000 um AD), is divided into
10 particle size bing € 1-10). The activity (A), and deposition (D), associated with each bin are
related by the following equation:

A
_Y|max) X 2Y|max

D.= 7Y+ (X

i,max

The total bdlstic depogtion at a specific point (x,yis the sum of all Pvalues for particle sizes
with area boundaries (séigure abovg that contain the point (x,y).

To model the surface deposition of the ballistic component of the activity requires
characterization of the Activity Particle Size Dilstution (APSD).The HotSpot default ballistic
APSD is a unimodadbg-normal distribution with ma Activity Median Aerodynamic Diameter of
250 pm and a geometric standard deviation of 3. This distribistiomplemented using the 10
particle size bins discussed above with each bin asbitpeeappropriatactivity fraction
consistent with the legormal APSDIn the defaultAPSD, 100% of theballistic particleactivity
is evenly divided into the 10 bins akown below.

Ballistic Particle Size Distribution

100 um Bin | 0.10000
200 um Bin 010000
00umBin [ 010000
400 um Bin 0.10000
500um Bin [ 010000
B00um Bin [ 010000
200um Bin [ 010000
800 um Bin |W
900um Bin [ 010000
1000 umBin | 0.10000

Total
1.00000

Particle Density

M ngcm?&
Default ballistic particle APSD

The HotSpot user also has the option to input a custom AP 8. Ballistic option issnabled

HotSpot deposition and ground shine include the ballistic component of the release. The ground

shine outsid¢he ballistic deposition zone assumes a disc with effective rddtesmined by the
deposition areaand includes air attenuatiavith buildup.To enable the ballistic optionheck
the Alnclude Ballistic Particles. o

The respirablenonrespirableand ballisticsource term components are defined as
follows. Note: iftheAirborme Fraction (A RF), is 1, the ballistic component is zeroand

the nABallistic Particle Size Distributionbo
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Material at Risk(MAR): The total quantity of the radionuclide involved in the release
scenario

Damage RatidDR): The fraction of the MAR that is actually impacted in the release
scenario.

Leakpath Factor(LPF): The fraction of the MARmodified by tle DR), that passes
through some confinement or filtration mechanism. For unmitigated release scenarios, the
Leakpath Factor is 1.

Airborne Fraction (ARF): The fraction of the material at risk that is aerosoliaed
released to the atmosphere, and ishadiistic.

Respirable Fraction(RF): The fraction of aerosolized material that is resipie (AMAD
=1 um).

Respirable Release Fractiomhefraction of theMAR that is dispersed into the
atmosphere with an AMAD of im; Respirable release fraction ARFx RF.

Non-respirable Release FractionThe fraction of the material at risk that is dispersed
into the atmosphere with @erodynamic dianter greater than 1am and less than or
equal to100pm;

Non-respirable release fraction ARF x (1-RF). Thefinal HotSpot respirable and non
respirable source terms are,

Respirable Source Tern{AD O10pm) = MAR x DR x LPF x ARFx RF
Non-respirable Source Terng 10pum < AD 0100 pm) = MAR xDR xLPF x ARFx (1-RF)

Ballistic SourceTerm ( 100 pm < AD 0100 um) = MAR x DR x LPF x (1-ARF)

Respirable
Source Term }

Jyv

Ballistic

Source Term Non-respirable

w

=
< Source Term
-

Example HotSpotespirable, nomespirable and ballistic source term partitioning
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Resuspension

E- dy oo

: R
5 2 sigma-z (x + dy)
Upwind virtual o S5 N--o

SOLiirCBte_r_r‘rj::::::::::::::::: ---------------- .—i'_ 2 sigma-y (x + dy)—ﬁ*\ \
------Upwind x Downwind \ %

Q
]
%
%
[«33

sigma-y (=0=05R
sigma-z (=0) = sigma-z (dy)

Resuspension Model Geometry

An upwind virtual source term models the initial distribution of material. The wirtual
term point source is positioned at an upwind distance that resultg,iraathe center of

the contamination zone, equal to 50% of the inpwotiffe radius. The following four
resuspension methodologies are available in the Hot8paspension modélhe RF
values are determined at a height in proximity to the ground surface (assumed to be a
wind speed height of 2 meters).

Resuspension Factor { RF [ 1/meter])

" ta=well and Anspaugh- 2010 BF =1E-05 exp(-0.07 f) + YE-09 exp(-0.002 f) + TE-09; tinyears

" NCRF Repart Mo, 129 FF (0-17 day = 1E-06; BF (110 1,000 days) = 1E-06 /t; BF(t> 1000 days) = 1E-09;: tin days

" WiASH 1400 (NUREG-75/014) RF = 1E-08 exp(-0.677 )+ 1E-09 : tinyears
f¢ Constant RF = 1.00E-05 {1/ meter)
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For wind speds in excess of 3 m/s, the RF is adjusted as follows,

RF(u) = °RfBruA3ri/ai/ 3)

Not e: I f the AConstant 0o RFnotagustedon i s sel ect e
The effective source tern@Qgsf associated with the observed ground contamina@yn (

is,

Qet= RF(u) O'f“origirg\gzérigin' A A (Qis ,

Where:G = ground contamination (Ci/?bu.

The Gaussian standard deviations are evaluated at a distance equal to the distance from
the origin to the upwind virtual source positi@gffcan then be used in the Gaussian

eguation teestimate the radionuclide concentration downwind from the contamination.

Note: The resuspension factor is determined using measurements of the ground

contamination (Ci/rﬁ), and the radionuclide atoncentration (Ci/r%) above the ground
measurement location. The resuspension factor is then defined as the ratio of the air
concentration to the ground concentration (1/m).

The 50year committed effective dose equivalents are calculated pdraumaesiénce

time. Therefore, an individual would be committed to the output dose for each one hour
at the output location. The sampling time associated with resuspension is automatically
changed from the normal 4@in values to 64nin values.
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8. lonizing Radiation Dose Terminology

Radiation Health Effects

People can receive radiation doses externally such as fromagmxachine or internally
through inhaltion, ingestionor by absorption through intact or broken sksnch as a
wound.

The toxicity of a particular radioactive material and the associated internal organ doses
are a function of:

The radiation types and energies emitted by the radionuclide,

The radiation types and energ emitted by any radioactielaughter products,
The physical haffife of the radionuclide and any daughter radionuclides,

The route of intake,

The airborneparticle size distribution argblubility of inhaled radionuclidesnd
The chemical and biokinetic characteristicshef element which determine the
retention and distribution of the radionuclide within the body, and the rate and
pathway(s) of excretion

After radioactive materials are taken into the body, their subsequent distribution and
retention dependspon the chemical nature of theterial. Typically, some fraction of
inhaled radioactive materials will be absorbed into the bloodstasaltepositedn
various organsThe degree ofatentionof radioactive materials alstepend upon the
chemical form of the material.

In radiation biologyand radiation protection, tltse received from an intake of
radioactive materials is a measure of the eneegysited per gram of tissueena
specified period of timelhis dose (typically in units of rad or gray) can then be related
to shortterm biological damage, and longerm risks of cancer induction.

When evaluating the potential for acute healtle@# from intakes of radioactive
materials, it is important to appropriately define and understand thetiegn in which
various organ systesireceive the radiation dos&®r acute health effects, the dose
integration period of interess likely to ke relatively shortperhaps the first 30 to 60 days
after intake.

In contrast, in occupational radiation protection, internal radiation doses are most
commonly specified in terms of the total dose received overy@a&0Operiod after intake.
Thus, acomnitted organ dosequivalents the dosequivalent received by a specified
organ over the e 50year period after intakélso, becaus¢he occupational dose
limits are based on limitinthe overall risk of cancer, affective dose (a sum of risk
weighted organ doses) is used as a regulatory limit.



Hot Spot User 6s Gui de 8.lonizing Radiation Dose Terminology

Accordingly, it is generallyot appropriateo use the commonly availali®-year

committed effective dose equivaledbse conversion factors predict acute health
effects.In order to assess the likebod and nature of acute health effects, dose
conversion factors that represent the actual (cumulative) dose received as a function of
the number of days after intake are needed.

Stochastic and Deterministic Effects

Health effects due to exposure tmizing radiation are classified as either stochastic or
deterministic (previously termed natochastic). Stochastic effects occur randomly and
the probability of the effect occurring, rather than its severity, is assumed to be a linear
function of dose vthout a threshold. Stochastic effectmn result from injury to a single

cell or small number of cells and the principal consequences are considered to be
heritable effects and carcinogenic effects.

Deterministic effects result frothe collective injury of substantial numbers of cells in
affected tissues. Theeverityof the tissue injury is a function of the dose and it is

assumed that a threshold dose, below which no injury occurs, exists. Deterministic effects
were among the fitobserved biological effects of ionizing radiation and include cataract
of the lens, nomalignant damage to the skin, cell depletion in the bone marrow causing
hematological deficiencies, and gonadal cell damage leading to impairment of fertility.
Determnistic effects may also be associated with damage to blood vessel or connective
tissue elements. Protection limits for radiation workers are set at levels to prevent the
occurrence of deterministic effects and to limit the stochastic effects to an ateepta

level.

Acute Radiation Syndrome

Typically, the organ systems of interest for acute dose effiecteample the various
components of acute radiation sickness) are the red bone marremahéntestine, and

the lungsThere is some uncertaintpncerningvhat dose levels can be expected to

cause acute health effeckdowever, inHotSpof it is assumd that acute dose$of

example dose received in 1 day or less) of 300 rad, 1,500 rad, and 1,000 rad, to the red
bone marrow, smalhtestine wallor lungs, respectively, will result in serious, and

possibly lethal damage to those organ systems. For early doses (e.g., dose received in the
first 30 days), the corresponding doses are of 600 rad, 1,500 rad, and 4,000 rad, to the red
bone marrow, smalhtestine wall, or lungs, respectively. The sriatestine wall value

remains the same due to fast passage through the Gl sizstemore information, see

Acute DCF.

Stochastic Health Effects (Cancer)

At lower doses, the health epaint of concern ishe induction of cancer or leukemia.
Estimates of cancer risks (morbidity and mortality) for internally deposited radionuclides
are partly based on external exposures of human populafiore<ample survivors of

the Hiroshima and Nagasaki bombings)tiyaon animal studies, and to a lesser extent,

on the very limited human experience with internal radiation ddéssonal Research
Council, National Academy of Science, 1998).
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Dose Rate

A dose of radiation can be delivered in a v&ngrt time periodfor examplemedical x

raysin a fraction of a seconor over many months or yeasich agxposure tmatural
background radiatiorin addition, the dose may be received in a single exposure or may
be fractionated into several exposyeriodssuch as irsplit-course cancer radiation
therapy. Although there is no strict time boundary to distinguish between exposure time
periodsHotSpotdefinesa total dose received in a tirperiod of30 daysor less as an

acute dose.

The earlybiological effects of acute, higlevel doses appear within minutes to weeks,
depending on the dose received and the fraction of the total body exposed to the
radiation. An acute, higlevel, localized dose can result in hair loss, skin burns,
cataractsand temporary or permanent sterility. An acute, Heyel, wholebody dose
(greater than 50 rad) can decrease the number of blood cells and cause diarrhea,
vomiting, and feverVery high doses (greater th&a/©00rad) can cause disorientation,
coma, and death.

When evaluating the potential for acute health effects from intakes of radioactive
materials, it is importanbtappropriately define the tingattern in which various organ
systens receive the radiatiorodesFor acute health effects, the dose integration period
of interest is likely to be relatively shpperhaps the first 30 to 60 days after intake. In
HotSpot we use the 3day time integration period.

In contrast, in occupational radiation proteotionternal radiation doses are most
commonly specified in terms of the total dose received overyee&fperiod after intake.
Thus, acommitted organ dosequivalentis the dosequivalent received by a specified
organ over the entire 5@ar period a#ir intake. Also, since the occupational dose limits
are based on limitinthe overall risk of cancer, affective dose (a sum of riskeighted
organ doses) is used as a regulatory limit.

Accordingly, it is generallyot appropriatéo use the commonligvailable50-year
committed effective dose equivalent dose conversion factors to predict acute health
effects.In order to assess the likelihood and nature of dkeant health effects, dose
conversion factors that represent the actual (cumulative) dosieed as a function of
the number of days after intake are needed.

Doses that are delivered over an extended time period are likely to be less effective at
causing damage. For example, an acute dose of 300 rads to the bone marrow would be
much more kely to result in lethality than the same dose received over a period of
several months. Similarly, a dose of 300 rads to the bone marrowa@celatively

uniformly over 50years would not produce any acute health effects, in contrast to the
same doseeceived within a period of 1 day.
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Type of Radiation

It is well known that different types of radiation cause different amounts of biological
damage per unit of absorbed dose. Types of radiation that directly or indirectly result in
high rates of energysés per unit path lengtbf tissueare more effective in producing
biological effects than radiation with lower rates of energy loss per path length. The
guantity terned linear energy transfer (LET used to quantify this energy loss. For
example, gammand x rays have LET values of a few ke while alpha particles
associated with the decay oflor Am***have LET values of approximatédl§0

keV/ium.

In order to calculate the equivalent biological response from various types of radiation,
the concpt of a dose equivalent (H), is used for radiation protection criteria
(occupational dose limits, etc).

H=Q-D

Where
H = dose equivalent, rem
D = absorbed dose, rad
Q = quality factor

The quality factor is an LE@ependent factor by which absorbed doses are multiplied to
account for the varying effectiveness of different types of radiation. The Q values are
used for radiation protection and derived primarily from relative biologicat®feness

(RBE) data for carcinogenesis and mutagenesis. Q values are estimates of the probable
effectiveness of the various types of radiation and are not experimentally determined.
RBE values are experimentally derived values based on the specifigitabloystem

under study. The RBE is the ratio of an absorbed dose of radiation for a particular type of
radiation to the absorbed dose of a reference radiation required to produce an identical
biological effect in an organism or tissue. If a neutron @ad4€)0 rad produced the same
effect as a 200 rad dose of 250 kVp x rays, the RBE of the neutrons would be 2.

The Q values do not apply to early radiation effects or latecaanerous organ effects.
HotSpotalso addresses the early effects of acute tiadidose, and uses a similar unit of
dose equivalent (radquivalent), to denote that the rad dose has been modified by an
RBE value associated with acute/early deterministic effects.

Hr = RBE;- D
Where
Hr = RBE-weighted absorbed dose, raquivaknt
D= absorbed dose, rad
RBEy = Deterministic Effect®kelative Biological Effectiveness,

dimensionlesgdescribed below)
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The FRMAC, NARAC, andHotSpotuse this dose equivalent methodology for
determining the RBEveighted absorbed dose to thedarirom inhalation of highET
radiation such aglpha particles associated with the decay e2B2ior Am-241). For
example, the LD50/60 for humans for lung dose is 1000 rad of low LET radiation. If the
lung dose was due to alpha particles (high LET®,1tB50/60 would be43rad (1000
rad-equivalent dose) due to the increased effectiveness of the alpha particles in causing
this particular acute exposure deterministic effect (assuming an RBETdfe rad
equivalent notation indicates that the dose lenbmodified by the RBE to account for
the deterministic effectsf high LET radiationIn HotSpot the RBE for Sl wall always
remains 1.0 for the high LET componégselected RBE for Higi.ET radiation is

applied to the Lung and Red marrow).

Deterministic Effect RBEy Valuesfor Internally Deposited Alpha Emitters and
External Neutron Exposure

This sectiondiscusseshe recommended Relative Biological Effectiveness (RBBlues

for estimating the probability of acute and eatterministichealth effects for the alpha

dose component of inhaled or ingested radioactive material and external neutron
exposure. The lung and red marrow represent the target organs for early fatality following
uptake of radioactive material. The red marrow is tih@amy target for early fatality

following external neutron exposure. Th&¥REy values will be used by LLNL/NARAC

(in the LODI, NUKE, and HotSpot codes; see http://narac.linl.gov), and SNL (in the
NUKE and Turbo FRMAC codes) for evaluation of determinisgalth effects. .

Stochastic EffectsRelative Biological Effectivenes§RBEs) and Quality Factor (Q)

Committed effective dose equivalent (CEDE) dose conversion factors (DCF) make use of
quality factors or alternately the radiation weighting factesg,(and tissue weighting

factors (vr), to account for the higher effectiveness of certain forms of radiation and to
account for the variable sensitivities of various tissues to cancer induction. The quality
factorweights the absorbed dose for the RB&he radiation producing the absorbed

dose. The quality factor was chosen to encompass appropriate values of tioé RBE
radiation, independent of the organ or tissue, or the biological endpoint under
consideration (ref 1. ICRU, 1993). The quality tacapplies primarily to lovdose

radiation exposures and does not hold linearly with increasing levels of absorbe@dose.
values are chosen by committee and are associated with the linear energy transfer (LET),
of the radiation in water.

The CEDE DCF alues shouldhotbe used for estimating the probability of acute and

early deterministic health effects, as these values include Q values specific to stochastic
effects. The tissue weighting factors used in these DCFs reflect organ sensitivities to
cancer induction, nopecific deterministic effects. A Q of 20 Sv/Gy is normally used for
the alpha component of the absorbed dose in the calculation of the CEDE for internal
occupational exposure. The Q value for external exposure to neutrons depends on the
neutron energy andas a range of 5 to 10 Sv/Gy.
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