LAWRENCE
LIVERMORE
NATIONAL
LABORATORY

LLNL-SM-636474

HotSpot

Health Physics Codes
Version 3.0
User’s Guide

Steven G. Homann
Fernando Aluzzi
National Atmospheric Release Advisory Center
Lawrence Livermore National Laboratory
Livermore, CA 94550

May 1, 2013



HotSpot User’s Guide

Disclaimer

This document was prepared as an account of work sponsored by an agency of the
United States government. Neither the United States government nor Lawrence
Livermore National Security, LLC, nor any of their employees makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States government or
Lawrence Livermore National Security, LLC. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
government or Lawrence Livermore National Security, LLC, and shall not be used for
advertising or product endorsement purposes.

Auspices Statement

This work performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract DE-AC52-07NA27344.

Acknowledgements

Special thanks to Bud Bucci, Ross L. Wilson, David S. Myers, H.W. Patterson, Edward
J. Leahy, John S. Nasstrom, Walter S. Schalk,Thomas J. Sullivan, Ronald L. Baskett, W.
Gary Mansfield, Kevin Foster, Curtis L. Graham, David G. Trombino, Don Van Etten,
Thomas Buhl, Brooke Buddemeier, V. Alan Mode, Roger Ide, Thomas R. Crites, Brenda
Pobanz, Richard Stump, Geoff Todd, David E. Price, Debbie A. Wilber, Cash Miller,
Dave Abbott, Robb Hadley, Elizabeth Thompson, David T. Taylor, Hans Oldewage,
Phillip Vogt, Michael Dillon, Gayle Sugiyama, Maureen Alai, Hoyt Walker, Connee
Foster, Carl Mazzola, Wayne Davis, Lourdes Placeres, Bill Eme, and all the HotSpot
Users for their valuable comments and suggestions during the continued development
and testing of the HotSpot codes.

il



HotSpot User’s Guide

Table of Contents

L. Getting Start@d.........cceeecueiiieiiiiiiee ettt et e e et e e e e e e e enaeee s 1-1
About This Manual ..........coooiiiiiiiiiiiiiiicieeeceeee e 1-1
System REQUITEIMENTS ........vviiieeiiiiieeeiiiieeeeeiiiee e et e e et e e e eeeeeeaaeee s 1-1
Contacting NARAC for HotSpot Support..........cceecuvveeeeiiiiieeeeniieeeeieeene. 1-1
2. INIPOAUCHION .ottt et 2-1
Atmospheric Dispersion Models ...........cooccviiiiiiiiiiiiiiiiiieeeeieeeeeieee e 2-1
Special Purpose Programs.............coeeeviiieiiiiiiieeiiiiee e 2-2
Additional Information and HotSpot Help.........ccccoeeviiiiiiniiiiiiiiiiieee 2-5
HOtSPOt QC ..o 2-6
Basis of the HOtSpot Codes.......ccooviiiieiiiiiiieiiiiee e 2-6
Radionuclide Library ..........ccccveeeeiiiiiiiiiiiiee e 2-7
SUMMEATY ©eeiiiiiiieee e e e et e e e e e e e eeeeeeeas 2-8
3. Using a HotSpot Program ............cccceiieiiiiiiiiiiiiiieeeiieeeee et 3-1
4. Atmospheric Dispersion Model Examples..........ccceeeveiiiiieniiiiiieeniiiiee e 4-1
Plutonium Explosion (non-nuclear) Example ...........ccccccoeiiiiiiiniieeennnne. 4-3
Plutonium Fire EXample...........ccooiiiiiiiiiiiiiieiiiiee e 4-8
Plutonium Resuspension Example..........cccccoeeviiiiiiiiiiiiiiiniiiieeeeiiieeee 4-12
Uranium Explosion Example...........ccccooeviiiiiiiniiiiiiiiiieccieeeeeee e 4-14
Uranium Fire EXample.........cccooiiiiiiiiiiiiiiiecee e 4-17
Tritium Release Example .........coccoviiiiiiiiiiiiiiiiieceeeeeee e 4-20
General Explosion EXample........c.c.oooeviiiiiiiiiiiiieiiiiiceeeiieee e 4-23
General Fire EXample .......cccoooiiiiiiiiiiiiiiiceee e 4-26
General Resuspension EXample ..........cccceveviiiiieiiniiiiieiiiiee e 4-29
General Plume Example...........ooocoiiiiiiiiiiiiiiiiiecieeeeeee e 4-32
5. Special Purpose Programs.............ccceeeeeiiiiiiieiiiiiieeeiiiee et e e 5-1
Nuclear EXPlOSION. .....cccocviiiiiiiiiiieeciiie et e e 5-1
Radionuclides in the Workplace...........cccoeeeeiiiiiiiiniiiiiieeiieeeeiee e 5-7
FIDLER Calibration............ccouvieeiiiieeiniieeiiee ettt 5-14
Percentile Dose Option Using Historical Meteorological Data................ 5-30
HOtSPOt MapPINg....ccoouviiiiieiiiiie ettt ettt e e e e e eeaeenes 5-53
6. HotSpot Version History and File Structure .............cccceevviiiiienniiiiieniieeeen, 6-1
HotSpot Version HiStOry.........eiiiiiiiiiiiiiiiiieeeiiiee e 6-1

il



HotSpot User’s Guide

HotSpot File Structure.......cocvviiiieiiiiieeeiiiee et 6-8
HotSpot Batch Mode.........coouiiiiiiiiieeeeeeee e 6-10
7. HotSpot AIOTItRMS ......ueiiiiiiiiiie et 7-1
Gaussian EQUAtiON ........ccooiiiiiiiiiiiiieeiiiiie e 7-2
Plume Passage DOSE........ccooiuiiiiiiiiiiieeeiiiee e 7-3
Atmospheric Stability Classification ............ccceoecvvieeeriiiieeeiiiiiee e 7-3
Worst-Case Stability .........cocciiiieiiiiiiiiiiiiiee e 7-4
Special G Stability ......cceeeiuiiiieiiiiiieeee e 7-4
Determining Gy and G .......ccoveiinii 7-5
SAMPIE TIME.....eiiiiiiiiiieeiiiie e e e e e e 7-8
Effective Release Height ..........ooooiiiiiiiiiiiiiiiceee e 7-9
Wind Speed Variation with Height.............ccooooiiiiiiiiiiiiiees 7-10
Surface Roughness Height ...........coooviiiiiiiiiiiiiiiiiicceee e 7-12
PTume Depletion .........c.ceiiiiiiiiiieiiiieeeeiee et 7-13
DIy dePOSIEION ...vviieeeiiiiieeeeiiiee et te ettt e ettt e e e e irre e e e eraeeeeenbaeeaeenes 7-13
Wt AEPOSILION ....vviieeeiiiiiee ettt et e e ettt e e e e itte e e e ereeeeeenbaeeaeenes 7-17
Ground SHINE .........eeiiiiiiiiiii e 7-18
PIUME RISC...coiiiiiiiiiiiiiieee e 7-19
Buoyant PIume RiSe..........ccocouiiiiiiiiiiiieiiiieeeeee et 7-20
Momentum Plume RiS€.........c..eeiiiiiiiiiiiiiiiieeeiiieeeeeee e 7-21
Fuel Fire PIume RiSe.........ccocouiiiiiiiiiiiieiiieeeeeeeeee e 7-22
Explosion (NON-NUCIEAT) .........oeieiiiiiiieeiiiiiee et 7-27
Green Field Explosive Cloud Height ............ccccoiiiiiiiiiiiniiiiieiiieeeee, 7-29
Ballistic PartiCles ........c..eeiiiiiuiiiieiiiiieeeeiee et 7-30
RESUSPENSION .....itiiiieiiiiiie ettt et e e et e e e eebaeeeeenes 7-33
8. Tonizing Radiation Dose Terminology...........ccccuveeeriiiiieeniiiiieeiiieeeeeiieee e 8-1
Radiation Health Effects ...........ccoooiiiiiiiiiiiieiiceeceeee e 8-1
D0SE RALE ...eiiiiiiiiieie e 8-3
Type of RAdiation ..........ccoouiiiieiiiiiiieiiieeeeee e 8-4
Do0se TerminOlOZY ......vvveeeiiiiiiieeeiiiee ettt e e 8-7
Dose Conversion FACtOrsS...........ceeviuiiiieeriiiieeeeiieeeeeiiieeeeeiiee e eiaeee e 8-11
SUMMEATY ©eeiiiiiiiiiieeeeee e e e e et e e e e e e e s aeeeeeeeeas 8-11
0. GlOSSAIY . cuiiiiee ettt ettt ettt ettt e e ettt e e et e e ettt e e e et e e e e nbaeeeennaaaeeanes 9-1
10, BIbHOGIaPRY ..coeeiiiiiieeiiiiee e et 10-1

v



HotSpot User’s Guide 1. Getting Started

1. Getting Started

About This Manual

The HotSpot Health Physics Codes, or HotSpot program, provides a first-order
approximation of the radiation effects associated with the atmospheric release of
radioactive materials. The HotSpot program was created to equip emergency response
personnel and planners with a fast, field-portable set of software tools for evaluating
incidents involving radioactive material. The software is also used for safety-analysis of
facilities handling radioactive material. This program is designed for short-range (less
than 10 km), and short-term (less than a few hours) predictions.

System Requirements

HotSpot requires the following:

Windows" 95/98/2000/NT/XP/Vista/Windows 7 operating system
64 megabytes RAM

300 megabytes disk space

Optional GPS device (NMEA 0183 output format)

Contacting NARAC for HotSpot Support

Lawrence Livermore National Laboratory’s National Atmospheric Release Advisory
Center (NARAC) provides HotSpot support.

For software technical support, please contact:

NARAC Customer Support

Phone: (925) 422-9159

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

Web: http://narac.llnl.gov
Email: hotspot-spt@aquinas.linl.gov
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2. Introduction

The Department of Energy (DOE) funds ongoing maintenance and development of the
HotSpot Health Physics Codes. The HotSpot program has been distributed worldwide
since 1988. HotSpot codes are a conservative (estimated radiation dose is usually greater)
estimation of the radiation effects associated with the atmospheric release of radioactive
materials. The main user interface screen for HotSpot is shown below.

MF HotSpot Versio = 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 Programs

¢ Nuclear Explosion ¢ FIDLER Calibration & Lung Screening

 Radionuclides in the YWarkplace

HotSpot QC |

Atmospheric Dispersion Models

To expedite the initial assessment of accidents involving nuclear weapons, HotSpot
includes atmospheric dispersion models for a plutonium explosion (non-nuclear), fire,
and resuspension; a uranium explosion (non-nuclear), and fire; and a tritium release.
Additional “General” programs address the release of any radionuclide or mixture in the
HotSpot library (ICRP 30, ICRP60+, and Acute). These models estimate the short-range
(less than 10 km), downwind radiological impact following the release of radioactive
material resulting from a short-term release (less than a few hours), explosive release,
fuel fire, or an area contamination event.

Example scenarios for each of the dispersion types are available under the program’s File
menu. In addition to providing example models, HotSpot allows the user to save a
scenario; and create, edit, or add to a radionuclide mixture. Up to 50 radionuclides can be
included to create a mixture.
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Special Purpose Programs

In addition to the atmospheric dispersion models, four special purpose programs are also
included in HotSpot: Nuclear Explosion (nuclear yield), FIDLER Calibration and Lung

Screening, Radionuclides in the Workplace, and a module to calculate Percentile Dose
using Historical Meteorological Data.

Nuclear Explosion

The Nuclear Explosion program estimates the effects of a surface-burst nuclear weapon.
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 periods, for example, the first 6 hours, first
day, first week, etc. Users can enter a specific start time and duration of exposure. The
user interface screen for the Nuclear Explosion program is shown below.

[P Nuclear Explosion =lol x|

Nuclear Explosion — | [ Text Files

—Contour Plots - Computer Display
”Nuclear Yield —‘ Nuclear EffectsTable Output | Create Fallout Contour Plot

100 kT
Eff. Wyind
B.80 m/s
Contour Plots - Mapping Files ——————
e Pl Fallout Contour File (KML) |
Prompt Meutran RBE PR ET T Prompt Effects Files (.KML) |
3.0 ™ Prompt Contour Effects

I™ Display H+1 reference dose rate B Cortiaw Gxiams

Save Table Output |

—_———

View Saved Table Output Files | & Plume Centerline ¢ Compass

Wyind Direction Hotspot Mapping — —
’7 270 Wind from the West ’7
Fallout Exposure Time and Sheltering Values for Tables and Contour Plots
Yield Calculator —1 ) N
|Nu Shielding j Shielding Transmission
Contour Values  Dose in first hour 9 s fin T el FS%%;t et I 1.0000
Fallout Dose (rem)  Dose in first six hours ¢ Dose in first month l_
Inne 1.00E+13 7 Dose in first day " Dose in first year Prompt Neutron 1.0000
Middl  [3.00E+02  Dose in first 4-days  User Selection Fallout 1.0000
™ Change Exposure Parameters
Out [2.00E+02 ’
Exnosure Duration Info Here
(Weathering Correction Factar : None)
Ground Roughness Correction Factor: 0.700

I Detonation Location: 35.00722M106. 43550

FIDLER Calibration and Lung Screening

The FIDLER (Field Instrument for the Detection of Low-Energy Radiation) program is a
tool to calibrate instruments for ground-survey measurements of plutonium and provide
initial screening for possible plutonium uptake in the lung. However, the FIDLER
program can also be applied to any instrument suitable for measuring external radiation
levels and non-plutonium mixtures. Current versions of the FIDLER instrument are
coupled with a Multi Channel Analyzer (MCA). These advanced MCA instruments are
referred to as the Violinist and more recently the Stradivarius.
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" Taseor [soee [zeew [13eor [ 0 [ %oows [os1 [ 35
L 550 [Go0z [17Eor [aem [ 0 [ wsm [0%0 [67

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 relative 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 containing the radionuclide, and the nature of the operation to be performed.
Workplaces are divided into three classifications: Type 1, Type 2, and Type 3.

Pu238 M 87.74y { SE+I2 By (1E-02 uCi)

Change Radionuclide ( 2E-D1 Bg/m3 (BE-12 Cifm3 )

{ B34E+11 Bofg (1.71E+01 Cify)

ﬁ 10620580 QB0 ) | [ L0E+tm B @.TE03uch) ‘

e 1 Workplace
1 .DDE+D 58E-08 g

we3| _pin |
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Percentile Dose using Historical Meteorological Data

This module calculates the 95™ percentile 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). Default percentile values are 50™, 90™, 95 99™ and
99.5™ Users may select other percentile values as needed (50th — 100™). HotSpot inputs 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
calculating the dose value for each hourly data set. The JFD method is much faster than
the “brute force” individual hourly dose calculations. The JFD uses 9 wind speed groups,
and users can change the wind group values. User controls are accessed through the “Site
Met Data” button on the “Output” tab as shown below.

fiF HotSpot Version 3.0 Monday, Feb =o| x|
File  Help
Models | Source Term | Meteorology | Receptors Setup Output |
—Text Files ~Plume Centerline Plots ————
: Table Output TEDE Graph |

| Save Table Output

View Saved Table Output Files Ground Deposition Graph |

@ Plume Centetline € Compass
I Display All TEDE Components
™ Include All Organ Data ~Contour Plots - Mapping Files
I Include Organs Exceeding 50 rem

I™ Append QC Data

TEDE Contour File (.KML) |

Deposition Contour File (.KML) |

—Contour Plots - C; Display

F [T Contour Optiohs
TEDE Contour Plot | |
Ground Deposition Contour Plot |
@ Plume Centerline —Hotspot Mapping
 Compass

L
¥
HotSpot

™ Default Source Location: Unknown Release Location

File
— Total Effective Dose Percentile Values

Percentile-A Percentile-B Percentile-C Percentile-D Percentile-E
’7| 50 th —‘L 90 th —Vr| 95 th —‘Liggm ’7| 99.5 th —‘

HotSpot Default Yalues | Create Percentile Table |

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

=Wind Speed Groups

6.00 Group 7: W7 < u<==W8
8.00 Group 8 : u > W8

WO ; 0.10 Group 0 : W0 <=u <= W1 Accept | Display JFD |
W1 : 0.50 Group 1:W1< u=<=W2 ;| ]
wz: [ 100 | Group2:W2< us=W3 ance Change Wind Group |

. G 3:W3< u<=W4 Defanlis |
W3 20 GrUup £ Wa : W5 Met Data Input Forrmat
wi: | 3.00 roup 4 : < u<=

Ch I

ws: | 4.00 Group 5 : W5 < u <= W6 EInES
w6: [ 5.00  Group6:W6< u<=W7 MACCS2 - wind FROM sector =]
W7
Wa :
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Additional Information and HotSpot Help

Clicking on HotSpot Help (circle below) will provide additional information.

There are also hot buttons within the program. When scrolling over select fields,
additional information will be displayed, as shown in the example below.

[ {:
ome |[fom || N
B e —

3 33E-04 m3fs

rre—
If checked, all output dose data will include Resuspension
inhalation Dose for the indicated exposure duration
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HotSpot QC

The HotSpot program has been designed with a Quality Control (QC) feature that verifies
that the codes are functioning properly. It is a good idea to run this check to confirm
HotSpot has been installed correctly on your system. To do so, CLICK HOTSPOT QC
located at the lower right of the opening 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 Quality €

—HotSpot QC

¥ Pass - Nuclear Explosion

¥ Pass - Plutonium Explosion

I Pass - Plutonium Fire

¥ Pass - Plutonium Resuspension
¥ Pass - Uranium Explosion

¥ Pass - Uranium Fire

W Pass - Tritium Release

¥ Pass - General Explosion

¥ 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, field-portable set of software tools for
evaluating incidents involving radioactive material. The software is also used for safety-
analysis of facilities handling radioactive material. HotSpot atmospheric dispersion
models codes are a first-order approximation of the radiation effects associated with the
short-term (less than a few hours) atmospheric release of radioactive materials.

Verification

HotSpot codes involving the dispersal of radioactive material use the Gaussian model—
the workhorse for atmospheric dispersion calculations that is used by most government
agencies, including the Environmental Protection Agency in its document, “Technical
Guidance for Hazards Analysis—Emergency Planning for Extremely Hazardous
Substances,” U.S. Environmental Protection Agency, Federal Emergency Management
Agency, and U.S. Department of Transportation, December 1987. The adequacy of this
model for making initial dispersion estimates or worst-case 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 Energy Research, U.S. Department of Energy, 1982).

To more accurately estimate the radiological effects in proximity of the release area, for
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, or user-input geometry.

The HotSpot codes are continuously updated to incorporate the most current and
approved radiological dose conversion data and methodologies. To ensure correct
implementation of the HotSpot algorithms following software revisions, each HotSpot
module is thoroughly tested against a library of case studies. HotSpot allows the user to
run this automatic verification process. Each case study is executed with all
parameters/defaults set to the exact case-study values stated in the HotSpot
documentation. The resulting output is compared with the documented results. This
ensures that the HotSpot program has been properly installed and all algorithms and
assumptions are working correctly.

Radionuclide Library

~Radionuclide

Cobalt Wiew Inhalation DCFs | Return I
“iew Submersion DCFs | Frint |
|c.-o—::'.0 M 5.271y d
View Ground Shine DCFs |
‘ FGR 13/12 DCF values. ICRP series B0 and 70
~Inhalation Dose Conversion Factors (rem f curig)
R tdarrow 1.63E+04 ULIall I 1.47E+04 Adrenals 2.65E+04
Lung 1.94E+05 LLI Wivall I 1.79E+04 Skin 8.88E+03
2 \Wall 1.25E+04 Kidneys I 1.49E+14 Spleen 1.97E+4
Thyroid I 1.41E+04 Liver I 3.18E+04 Testes 7.18E+03
Blies 2.28E+04 UE Wall I 914EH3 Thymus 271E+04
ET-region 5.03E+04 Muscle I 1.41E+04 Brain I 7. 25E403
St yall 1.69E+04 Greries I 1.16E+14 Uiz 1.05E+04
B Surface 1.45E+04 Pancreas I 2.13E+04
o] & Classic One micron AMAD §0-yr CED | 3.77E+04

HotSpot uses the radiation dosimetry methodologies recommended by the International
Commission on Radiological Protection (ICRP). These methodologies are summarized
in Federal Guidance Report No. 11 (Eckerman et al., 1988), Federal Guidance Report No.
12 (Eckerman et al., 1993), and Federal Guidance Report No. 13 (Eckerman et al., 1999).
FGR-11 provides dose coefficients in the form of 50-year integrated dose equivalents for
acute inhalation of radionuclides and is based on the biokinetic and dosimetric models of
ICRP Publication 30 (1979, 1980, 1981, 1988). FGR-12 provides dose coefficients in the
form of dose per unit time-integrated exposure for external exposure to radionuclides in
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air, water, or soil. FGR-13 provides dose coefficients using the new ICRP-66 lung model
and ICRP series 60/70 methodologies, Eckerman et al/ (2010).

In addition to the inhalation 50-year 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 radiation doses
(applicable target organs are the lung, small intestine wall, bone marrow and thyroid),
Eckerman et al (2010).

A one micron activity median aerodynamic diameter (1 pm AMAD) is assumed. HotSpot
supports both classic units (rem, rad, curie) and SI (Sv, Gy, Bq) units. Users can add
radionuclides and custom mixtures (up to 50 radionuclides per mixture).

Summary

HotSpot FGR-11 Option
e Old Lung Model (ICRP-30)
e ICRP Publication 26 (1977) Tissue Weighting Factors
e Absorption Types D, W, Y.

HotSpot FGR-13 Option
e New Lung Model (ICRP-66)
e ICRP 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
Quality factor Radiation weighting factor
Weighting factor Tissue weighting factor
Total effective dose equivalent Total effective dose
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3. Using a HotSpot Program

This section steps through an example dispersion model to highlight some of the features
of the HotSpot program.

From the opening screen, select a dispersion model or scroll 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, Receptors, Setup, and Output, entering all criteria specific
to the release. Default criteria based on typical data for each of the dispersion types are
included in HotSpot. However, you may change these values.

When one of the four general dispersion models (explosion, fire, resuspension, and
plume) is chosen, a prompt will appear to select a radionuclide from the HotSpot Library
or to select a mixture from your mixture library as shown below.

3-1
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3. Using a Hotspot Program

There are two methods for selecting a radionuclide from the HotSpot library. Users can
either directly enter the radionuclide e.g., “H-3,” and click the “ok” button or activate the
pull down list of radionuclides by clicking the down-arrow button on the right side of the
entry box. You can scroll down to the desired radionuclide or start typing the symbol to
jump to the appropriate series of radionuclides.

H-3 -
oK

FGRTINE DOF values. ICRP series 60 and 70

Direct entry

Radionuclide

>«

EEE & &5
Wobew b
<ugoam

12.35 y
12.35 y as
12.35 y as
12.35 y
12.35 y
- 12.35 y
HE-167 2.0500E+00 m

HE-169 3.2400E+00 m

as HTO

HT

o ani
FIAMLE L Eand 70

Pull down list

If the FGR 11library is selected, the direct entry method will select the fastest absorption
class available, e.g., type D if types D, W, and Y are in the library. If the FGR 13 library
is selected, the ICRP recommended default absorption types from the following table are
selected (ICRP Publication 72, 1996)

Symbol Type Symbol Type Symbol Type
H M Sr M Yh M
Be M Y il Lu [\
C M I M Hf M
M M MNb M Ta M
0 M Ma il W F
F M Tc M Re M
Ma F Ru M Os M
Mg M Rh ] Ir M
Al M Pd M Pt F
Si M Ag il AU [\
P M cd M Hg M
s M In M Tl F
cl M Sn ] Fb M
K F sSh M Bi M
Ca M Te M Fo M
Sc 5 | F At M
Ti M Cs F Fr F
W M Ba il Ra M
Cr M La M AC M
Mn M Ce M Th 5
Fe M Pr M Pa M
Co M Md M U M
Mi M Pm il Np [\
Cu M sm M Pu M
Zn M Eu M Am M
Ga M Gd il cm M
Ge M Th M Bk M
As M Dy M Cf M
Se F Hao M Es M
Br M Er M Fm M
Rhb F Tm il Id M

Default ICRP 72 absorption types
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After selecting a radionuclide(s) involved in the general release, CLICK OK and a
summary of dose conversion factors (DCFs) for various organs and areas of the body will
be displayed. Inhalation, submersion, and ground-shine DCFs may be displayed as
applicable as shown below.

~Radionuclide
Cobalt Wiew Inhalation DCFs | Retum I
Wiew Submersion DCFs | Print |
ICo—GO M 5.271y |
iew Ground Shine DCFs |
‘ FGR 13/12 DCF values. ICRP series B0 and 70
~Inhalation Dose Conwversion Factors (rem f curig)
R Marrow 1.63E+04 ULl I 1.47E+04 Adrenals 2.55E+04
Lung 1.94E+15 LLI Wl I 1.79E+14 Skin 8.88E+03
S wall 1.25E+04 Kidneys I 1.49E+04 Splzen 1.97E+04
Thyroid I 1.41E+04 (Liiszr I 3.18E+04 Tesies 7. 1BE+03
Elereh 2.28E+04 UE Wall I 9. 14E+03 Thyrnus 2.71E+04
ET-region 6.03E+04 Muscle I 1.41E+14 Birain 7.26E+13
St wall 1.69E+14 Greries I 1.16E+14 Usgius 1.05E+04
B Surface 1.45E404 Pancreas I 2.13E+04
€8 Classic One micron AMAD 50.yr CED | 3.77E+04

CLICK RETURN to continue imputing data under the Source Term tab.

filF Hote B l=[F
File  Help
Models Source Term | Meteorology | Receptors | Setup | Output |
Model : ‘ General Plume

Radionuclide ————————— Materiglat-Risk (MAR) Damage Ratio (DR
|q_o-i30 M 5271y ’7 1.0000E-+00 Ci —‘ ’7 1.000 —‘
Change Radionuclide Source Term |

Leakpath Factor
Effective Release Height Deposition Welocity 1.000
’7 Om —‘ ’7 0.30 cmisec —‘

™ Calculate Plume Rise
Airborne Fraction (ARF)
1.00E+10

Respirable Fraction (RF)
1.00E+I0

Material at Risk (MAR), is the total quantity of the radionuclide involved in the release
scenario. Damage Ratio(DR), is the fraction of the MAR that is actually impacted in the
release scenario. The Leakpath Factor (LPF) is the fraction of the MAR that passes
through some confinement or filtration mechanism. For unmitigated release scenarios, the
Leakpath Factor is 1. Airborne Fraction (ARF) is the fraction of the MAR that is
aerosolized and released to the atmosphere. The Respirable Fraction (RF) is the fraction
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of aerosolized material that is respirable (Aerodynamic Diameter (AD) < 10 microns).
The Respirable Release Fraction is the fraction of the MAR that is dispersed into the
atmosphere with an AD < 10 microns. (Respirable release fraction = ARFx RF). The
Non-Respirable Release Fraction is the fraction of the MAR that is dispersed into the
atmosphere with an AD in excess of 10 microns. (Non-respirable release fraction = ARFx
(1 — RF). The final HotSpot respirable and non-respirable airborne source terms are,

Respirable Source Term = MAR x DR x LPF x ARFx RF
Non-respirable Source Term = MAR x DR x LPF x ARFx (1-RF)

The Deposition Velocity is the ratio of the observed respirable deposition flux and the
observed respirable air concentration near the ground surface. The total airborne source
term may include both respirable and non-respirable release components. The respirable
release component (the quantity of material that is respirable and available for dispersion
in the atmosphere) has a separate respirable deposition velocity than the non-respirable
release component (the quantity that is non-respirable and available for dispersion into
the atmosphere). The Respirable Release component is the fraction of the total quantity 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 is used to determine the inhalation,
groundshine, submersion doses, and plume depletion due to the respirable component of
the source term.

After entering information about the source of the release, go to the Meteorology tab
(shown below) and enter applicable wind and solar data. You may also select specific
atmospheric stability classifications, such as A-G.

10-meter Wind Speed is the wind speed at a reference height of 10 meters. (Under the
Setup tab, the default height can be changed to any value from 2 to 100 meters.) In the
Selected Stability Class window, choose the atmospheric stability classification from
among the descriptions provided. The azimuth of the Wind Direction (direction wind is
coming from) is given in degrees: 0 = wind from the north, 90 = wind from the east, 180
= wind from the south, and 270 = wind from the west.



HotSpot User’s Guide 3. Using a Hotspot Program

fiP HotSpot Version 3.0 Monday, Febi _|olx]
File  Help
Models | Source Term Meteorology | Receptors | Setup | Output |
10-meter Wind Speed Selected Stability Class
5mis ™ Display Wind Chart D
[ Wind Direction

45 Wind from the NE

—Atmosphetic Stability
Enter Solar Information - or - Enter the Actual Stability

© Sun High in the sky A - Mery unstahle
© Sun Low in the sky ar cloudy " B - Moderately unstable
= Might ©° C - Slightly unstable

& D - Neutral

£~ E - Slightly stable
= F - Moderately stable
£ 5 - Special nighttime {low wind)

Next, go to the Receptors tab to select specific downwind locations for the HotSpot table
output. Default coordinates will be provided for distances (in kilometers) from the source.
Distance values can be changed. To enter an off-axis position, enter the x-distance and
y-distance (in kilometers) separated by a semicolon. For example, 3.23; 0.22 is a location
with an x-coordinate of 3.23 km and a y-coordinate of 0.22 km. To save these values in a
file, CLICK SAVE NEW VALUES. The Location Designators button allows you to add
names and distance values for a particular location, such as a local school, office
building, or hospital.

In the Receptor Height window, enter a range that is between 0 and 200 meters. The
default value of 1.5 meters is typical for the breathing zone near the ground service.

¥ HotSpot Version 3.0 Mo =|ol x|
File  Help
Models | Source Terml Meteorology Receptors | Setup | Output |

Return to Original Defaults | Receptor Height
Save Mew Values | Location Designators | 15m

—Coordinate Positions for Table Output (k)

D41 [D1=003 @D [D11=1
wD2 [D2=01 (D12 [D12=2
wD3 [D3=02 D13 [D13=4
@4 [D4-03 W D14 |0 14=6
D5 D 5=04 /D15 D 15=8
~ D6 IDE=05 D16 D 16=10
~wp7 |[D7=08 @ D17 [D17=20
wope [D8=07 f# p1g D 18=40
wpy [D39=08 D19 [D19=60
W~ D [D10=08 f# D20 D 20=¢80
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Under the Setup tab, replace any of the default values with those that are specific to the
release.

[P HotSpot Version 3.0 M _ o] x|
File  Help
Models | Source Terml Meteorology | Receptors Setup | Output |

[ Terrain Radiological Units Distance Units —|
 Standard - Consenvative Option & Classic (rem, rad, Ci) & Metric
© City Large hetropalitan Area Sl (Sievert, Gray, Bg " English
g iz Roghiees Explosion Model AF Distribution

Wind Ref HE|ght Sample Tirme Source Geometry Default HotSpot Vertical AF Distrib
’7 | 10 meters |‘\D —‘ & Simple = | Clianme/iew AR Disthbution
C Complex

Mixing Layer ————————— |
™ Enable Inversion "DCF Library ‘

FGR 11 & FGR13  Acute (30-days)

—Ground Shine & Resuspension

_ : X Bireathing Rate
™ Include Ground Shine (Veathering Correction Factar : Mone) 4 17E-04 m3rs

I Include Resuspension (Resuspansion Factor : Maxwell-Anspaugh)

Exposure Time: (Start: 0.00 days; Duration: 4.00 days) Holdup Time
’70 min
[ Contour Walues Mon-respirable Deposition Yelocity
TED (rem Deposition (uCi/m2| ’7 B crisec
Inner 1.00 Inner 100.00

Middle |0.50 Middle 10.00 Wy'et Deposition
Outer  [0.10 Outer 1.00 ™ Enable Rainaut

& uCifm2 € dpmd(100 o2 |
P ( ) Return to Original Defaults

Choosing City terrain will usually result in lower doses than those displayed for
Standard, due to the increased diffusion from the turbulence caused by larger building
structures. Choosing Standard terrain will usually produce the most conservative
estimates (higher potential doses). Checking the “Input Surface Roughness” box allows
the user to input the surface roughness height, Z). When checked, the Standard option is
automatically selected, and the City option disabled since the Z; associated with typical
city structures is already incorporated into the City sigma-z values (Refer to “Surface
Roughness Height” in Section 7).

Terrain
@ Standard : Conserative Option
" City Large Metropolitan Area

™ Input Surface Roughness

HotSpot allows the user to modify the Airborne Fraction (ARF), vertical distribution. If a
check is placed in front of Change/View Vertical ARF Distribution, you will be
prompted to enter a custom vertical source distribution for the explosive release models.
The default values are based on experiments (Green Field), involving 100+ pounds of
high explosive. You also have the option of setting a “Church-height Correction Factor”
to adjust the height of the stabilized plume, or using a new “Green Field” cloud height
methodology for explosive quantities below 100 pounds (TNT equivalent), by checking
the “Green Field Option” check box, while still following the Church formula above 100
pounds

(Refer to “Green Field Explosive Cloud Height” in Section 7). When HotSpot is
installed, the “Green Field Option” check box is initially checked. The Church-height
correction factor is not used if the “Green Field Option” check box is checked.
Whenever the “Green Field Option” check box is checked, the Church-height correction
factor is reset to 1.00000 and not changeable by the user (grayed out). If the “Include
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Ballistic Particles” box is checked, the non-airborne (1-ARF), component of the source
term is modeled as ballistic material (100 pm — 1000 um AD) (Refer to “Ballistic Particles”
in Section 7).

Default HotSpot Wertical AF Distrib

Explosion Model AF Distribution ———
’]- Changefview AF Distribution

HotSpot Health Physics Codes

Airborne Source Component Cloud Distribution

~ Ballistic Particle Size Distribution —|

s of Total AF
100 um Bin |  0.10000 b i | 0.20000
200um Bin | 0.10000 ~ . |, :
300 um Bin | 0.10000 v il ) 0.35000
400um Bin | 0.10000 . L -
s00umBin | 0.10000 \ < nﬁ.‘ 25000
500 um Bin | 0.10000 Y : ~
700 um Bin 0.10000 Church-height CF - [ h{2) 0.16000

800 um Bin 0.10000
900 um Bin 0.10000
1000 um Bin 0.10000

Total

1.00000

v Green Field Option e
Total

B % oo 1

Particle

- 250 g3 ¥ Incluge Ballistic Particles (If Airhorne Fraction < 1)
Ret
eturn

Wind Ref Height is the height at which the wind speed is referenced. Wind speed data
are typically referenced to a height of 10 meters. The actual data might be measured at a
different height (e.g., using data from a 61 meter meteorological tower and then these
data are adjusted to a 10-meter reference height by the wind height power law.)

YWind Ref Height
’7 I 10 meters —‘

Contour Values are the TEDE and Deposition values used for the contour plots.

TEDE and Deposition contour values 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.

Contour Yalues
TEDE (rem Deposition (uCi/m2)
Inner  |2.50E+01 Inner  |1000.00
MiddleIE.DDE+DD kicldle |100.00

Outer [200E+00 Outer [10.00

& uCifm2 € dpm/(100 cm2)

In the HotSpot program, the time over which the integrated concentration is averaged is
referred to as the Sample Time. The equations for the standard deviation of the Gaussian
concentration distribution in the cross-axis direction (sigma-y) are representative of
observing plume characteristics over a sample time of 10 minutes. Concentrations
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downwind from a source decrease with increasing sampling time primarily because of a
larger sigma-y, which is due to increased meander of wind direction and increased
horizontal diffusion.

Under DCF Library, select which library HotSpot is to use. FGR 11 enables FGR 11/12
DCEF values (ICRP series 30), FGR 13 enables FGR 13/12 DCF values (ICRP series 60
and 70 — New Lung Model). If Acute is selected, you will be prompted to select specific
acute DCF values from the following menu.

DCF Library
& FGR11 FGR13 " Acute (1-day) ‘

r~Select & dose integration time period, and click an the "Return” button
 Acute Intake - Dose in first 4 days

 Acute Intake - Dose in first 30 days (Federal Radiological Assessment Center [FRMACT)
 Acute Intske - Dose in first 30 days (|AEA-TECDOC-1432 Jan 2005)

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

r~High Linear Energy Transfer (LET) Relative Biological Effectiveness (RBE)
& RBE =1 RBE - Iung

 RBE=7 FRMAC, DOE%&A MUREG/CR-4214 Rev. 2, Part], 1933), and IAEATECDOC-1432
 RBE =10
" RBE =20

r~High Linear Energy Transfer (LET) Relative Biological Effectivenass (RBE)

P RBE - red marrow

© RBE=2 FRMAC NUREG/CR-4214, Rev. 2. Part] 1893), and IAEA-TECDOC-1432 (Jan 2005)
" RBE=3

Return

If a check is placed in front of Include ground shine, all output dose data will include
ground shine for the indicated exposure time period (four days beginning at time zero). If
a check is placed in front of Include Resuspension, the inhalation dose from resuspended
material will be included in all dose data. If either or both boxes are checked, the Change
Exposure Parameters check box will appear.

~ Ground Shine & Resuspension
¥ Include Ground Shine (Wweathering Correction Factor : Nong)
[~ include Resuspension (Resuspension Factor : WASH 1400 NUREG-75/014)

[~ Change Exposure Farameters
Exposure Time: (Start 0.0 days; Duration: 4.0 days)

- laround Shine & Kesuspension
¥ Include Ground Shine (Weathering Carrection Factor : None)
¥ Include Resuspension (Resuspension Factor : WaSH 1400 NUREG-75/014)

I" Change Exposure Parameters
Exposure Time: (Start: 0.0 days; Duration: 4.0 days)
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If the Change Exposure Parameters box is checked, you will be prompted to enter the
ground shine exposure time period, ground roughness factor, and specific weathering
model to use from the following menu.

HotSpot Health Physics Codes

Ground Contamination Options

Return
Exposure Time Settings
Start of Exposure ——————————— | Exposure Duration
’7 | 0.00 [aays = ’7 | 4.00 days =
Ground Roughness Correction Factor (GRCF)
GRCF 1.000 ™ Other
—Weathering Correction Factor (WCF)
 No Weathering
© WASH 1400 (NUREG-75/014) WCF = GRCF [ 0.63 exp(-1.13 t) + 0.37 exp(-0.00748 t) | ; t in years
~ Likhtarey - Health Physics, March 2002, Yol 82, No. 3. WCF = GRCF [ 0.40 exp(-0.46 1) +0.60 expt0.014 0 ] tin
years

Resuspension Factor ( RF [ 1/meter])

& Mawwell and Anspaugh- 2010 RF = 1E-05 exp(-0.07 1) + 7E-09 exp(-0.002 t) + 1E-09; t in days

© MCRP Report No. 129 RF (0-1) day = 1E-08; RF (1 to 1,000 days)=1E-08 /t; RF(t> 1000 days) = 1E-03; ti

© WASH 1400 (NUREG-75/014) RF = 1E-05 exp(-0677 ) +1E09 ; tin years
 Constant RE = 1.00E05 (1/ meter)

Note: 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 dose rate (rem/hr or Sv/hr) is also
output. Starting with Version 2.07 both resuspension 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 user. When you first run HotSpot, the time period is
from initial release plus 4 days (Start of Exposure = 0 days, Exposure Duration = 4.0
days), and Include Ground Shine and Include Resuspension options are not checked.
This results in calculated TEDE values identical with previous versions of HotSpot
(TEDE due to plume passage only). If the Start of Exposure is any value greater than
zero, the plume passage component (inhalation and submersion) is not included in the
output TEDE values. For example, if the Start of Exposure is set to 0.1 days (or 0.1 hour,
etc.) the plume-passage component of the TEDE will not be included. If the Include
Ground Shine and Include Resuspension options are not checked, the output TEDE
values will all be zero since plume passage is not included. If the Include Ground Shine
and Include Resuspension options are checked, both ground shine and resuspension are
included. If the Start of Exposure is set to 1 year and the Exposure Duration set to 1
year, the resuspension and ground shine TEDE from year 1 to year 2 will be output. The
Plutonium Fire example in section 4 demonstrates this feature.

Holdup Time on the “Setup” tab is the duration that the released radionuclide(s) is
contained prior to its release into the atmosphere.
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Breathing Rate is the assumed breathing rate for individuals exposed to the radioactive
plume (Default is 3.33 x 10 m’/sec = 1.2 m*/hr).

Non-respirable Deposition Velocity is the ratio of the measured non-respirable
deposition flux and the measured non-respirable air concentration near the ground
surface. The non-respirable release component is the fraction of the total quantity of
material involved in the fire, explosion, etc., that is non-respirable and available for
dispersion into the atmosphere. This component has a separate non-respirable deposition
velocity (default value of 8 cm/sec), and is used to determine groundshine, submersion,
and plume depletion.

Next, go to the Output tab. HotSpot provides several output options.

II? HotSpot Version 3.0 Fi =1
File Help
Models | Source Terml Meteorology | Receptors Setup Output |
[ Text Files Plume Centerline Plots——————
Table Output TEDE Graph |
Save Table Output
View Saved Table Output Files Ground Deposition Graph |
@ Plume Centerling ¢ Compass
I™ Display All TEDE Components
™ Include Al Organ Data ~Contour Plots - Mapping Files

™ Include Organs Exceeding 50 rem

TEDE Contour File (.KML) |
™ Append QC Data

Deposition Contour File (.KML) |

~Contour Plots - Computer Display ——————— |~ o0
TEDE Contour Plot | @‘
Ground Deposition Contour Plot_|

& Plume Centedine | Hotspot Mappi

o
™ Default Source Location: Unknown Release Location Site Met Data

Selecting Table Output will produce a text summary of results for the radionuclide
entered at the beginning of the session. This summary can be saved and viewed or
compared with previously generated summaries.

If Plume Centerline is selected, all points will be converted to radial distances on the
plume centerline. If Compass is selected instead, the table will contain actual x,y

locations and HotSpot will use input wind directions.

Display all TEDE Components will include the individual components of the TEDE;
Inhalation, Submersion, Ground Shine, and Resuspension as applicable.

Select Include All Organ Data or Include Organs Exceeding 50 rem to include the
organ committed equivalent dose data for the selection.

Append QC Data will include all HotSpot variables in the output table. If a radiological
mixture was used, all of the mixture data will be included.
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Site Met Data (located in lower right corner), will launch the HotSpot module that inputs
site-specific meteorological data to for calculation of percentile dose values.
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Table Output Text Summary

" HotSpot Tabl

=lof x|

File Edit Format “iew Help
Hotspot version 3.0 General Explosion -
Mar 01, 2013 09:41 AM I—

Source Material

|Material-at-risk (MAR)
||pamage Ratio (DR)
|lairborne Fraction (ARF)

ResEirab1e Fraction (RF)
Leakpath _Factor (LPF)
||[Respirable Source Term
Non-respirable Source Term
wind Sgeed (h=10 m)

wind Direction

High Explosive

pebris Cloud To

Church cloud Height cCF
h(5) AF Fraction

AF Fraction

AF Fraction

AF Fraction

AF Fraction

UNMITIGATED BLAST DAMAGE

Co-60 W 5.271ly
2.5000E+03 Ci

1.00

1.000

0.200

1.000

5.00E+02 Ci
2.00E+03 Ci

5.00 m/s

45.0 degrees wind from the NE
25.00 Pounds of TNT
170 m

1.0000

0.2000

0.3500

0.2500

0.1600

0.0400

1IABTI safe distance

lonset of shattered glass due to blast (0.5 psi)
Eardrum ruptures and_incapacitation 5 psi)
Lung damage and complete incapacitation (10 psi)

274 m (900 ft)

64 m - 82 m (211 fr - 269 fr)
13 m - 20m (42 ft - 66 fr)
8.8m - 13 m (29 ft - 44 ft)

onset of Tethality (25 psi) 5.7 m - 8.8m (19 ftr - 29 ft)
Fatalities in over 99% of population (100 psi) 3.1m - 5.2 m Q10 ft - 17 ft)
/|Note: minimum range corresponds to side-on pressure and maximum range

corresponds to reflected overpressure generated using
sandia National Laboratories BLAST model.

10.000 min
3.33E-04 m3/sec
A1l distances are on the Plume Centerline

|sample Time
/|Breathing Rate
Ipistance Coordinates

-5tabi1it¥ Class : D
||[Respirable Dep. wvel. : 0.30 cm/s
Hon-respirable pep. wvel. : B.00 cm/fs
{|[Receptor Height 1.5 m
IInversion Layer Height : None

Maximum Dose Distance : 0.010 km
MAXIMUM TEDE : 64 rem

Inner Contour Dose : 25 rem

Middle Contour Dose : 5.0 rem
outer Contour Dose 2.0 rem
Exceeds Inner Dose out To : 0.068 km
|Exceeds middle Dose out To : 0.27 km
Exceeds Oouter Dose Out To : 0.69 km

FGR-11 Dpose 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:(5tart: 0.00 days; Duration: 4.00 days) [100X% stay time].
Initial Deposition and Dose Rate shown

Ground Roughness Correction Factor: 1.000

RESPIRABLE
DISTANCE TEDE TIME-INTEGRATED GROUND SURFACE GROUND SHINE ARRIVAL
AIR CONCENTRATION DEPOSITION DOSE RATE TIME
km (rem) (Ci-sec)/m3 Cuci/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_.0E-02 5.8E+03 1.Be-01 <00:01
0.200 7.6E+00 1.7e-02 2.5E+032 7.BE-02

ki

<00:01
_>|J

Close the table to return to the Output screen.
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Under Contour Plots—Computer Display, select TEDE Contour Plot to view the dose
contour or Ground Deposition Contour Plot to view the ground deposition.

M Plume Contour - TEDE {rem) =1olx|
Print  Options  Scale

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

Vi —_—
&_.—-————-—' —
.1
.2
0.0 0.1 0.2 0.3 0.4 0.5 0.6 .7 0.6 0.9
kr

Inner: 25 rem [4E-03 km2) Middle: 5.0 rem (0.022 km2) Cuter: 2.0 rem (0.063 km2)
Source Material (Co-60 m 5.271v
Material-at-Risk 12 .5000E+0D3 Ci Resp. Rel. Frac. :0.200
High Explosive :25.00 Pounds of THT Debris Cloud Top 1170 m
u (h=10 m) :5.00 m/s
Staebility Class :D (Sample Time: 10.00 min)
Deposition Velocity:0.3 cmfs
Receptor Height 1.5 m

Inversion Layer Height :None

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

fI¥ Plume Contour - TEDE (rem) I [
Print  Options  Scale

Plume Contour - TEDE (rem)

=

1.0 Jm

&
¥

®
Inner: 25 rem {4E-03 km2) Middle: 5.0 rem (0.021 km2) Outer: 2.0 rem (0.063 kmZ)

Under Plume Centerline Plots, select TEDE Graph to produce a graph displaying dose
as a function of plume centerline downwind distance.
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P Plume Centerline TEDE (rem), as a function of Downwind Distance ol x|

Print  Options

HotSpot Version 3.0 General Explosion Mar 01, Z013 09:45 AM
Plume Cente remi, as a of bounw

1E+02

1E+01

1E+00

1E-01

iE-D2

1E-03

1E-04

i
1E-05 |
0.01 0.1 1 10 100

HotSpot also provides the option to produce a TEDE Contour File, which displays the
dose contour files onto geographical maps, or a Deposition Contour File, which displays
ground deposition contours.

To display a geographical map with contours for either deposition or dose contours, click
HotSpot Mapping icon.

HotSpot Mapping

HotSpot

When the map is displayed, the Plumes menu selection at the top left of the map display
provides the option to display deposition contours or dose contours on the map.

Lat : 35.01054 Long: -106.44329
File GPS Plumes

kg L2

This capability is explained in detail in the Special Purpose Programs section, starting on
page 5-53.
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File GPS  Plumes

v L ! z00yd

HotSpot 3.0 General Explosion Mar 01, 2013 05:45 A
Release Location: 35.006300 deg (N) -106.430160 deg (W)
Inner: 25 rem (4E-03 kwZ] Middle: 5.0 rem (0.021 kwm2)  Outer: 2.0 rem (0.063 km2)

HotSpot Contour plots—Mapping files provides the option to produce a TEDE Contour
File (KLM) or Deposition Contour File (.KLM), which can be displayed in Google™
Earth.

 Contour Plots - Mapping Files
TEDE Contour File (.KML) |

Deposition Contour File (.KML) |
@J

To display contours for either deposition or dose contours in the Google Earth
environment, click 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 HotSpot release location.

Click the “Contour Options” box to change displayed contour colors, line width, and
labels. The following example displays contours in Google Earth.
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Fle £k View Teos idd Hep

Fle £k View Teos idd Hep
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4. Atmospheric Dispersion Model Examples

This section contains examples for each of the HotSpot dispersion models: (1) a plutonium
explosion (non-nuclear), fire, and resuspension; (2) a uranium explosion (non-nuclear), and fire; (3)
a tritium release. You can enter the examples yourself, or simply load the scenarios from the
HotSpot Scenario Library. To download the first Plutonium Explosion example, click the File
option (upper left corner of HotSpot window), and select Open Scenario. A folder named
Examples and a file named current. hot are displayed. The file named current.hot is the currently
loaded scenario. Whenever HotSpot is terminated; the current scenario and all parameters are saved
in this file. Current.hot is automatically loaded when HotSpot is re-started, i.e., HotSpot resumes
with the same scenario and parameters that were in effect when terminated.

flF HotSpot Version 3.0

File | Help

Open Scenatio | 1

"t Save Scenario
Create Mixture
Edit Mixture =
Add To kMixture —_

Yiewr Mixture =
| W Flume Centerlne ¢

MF HotSpot Version 3.0 Friday, Marcl o [l
File  Help
HotSpot Scenario Library Fi 2lx| Output |
Lok in. [ 5 Scenaiio = «BEcrE-
I [ Examples _I
| 4] Currenthat
h |
)
KML)

il rame, | =1 Open
LI Cancel
g p

T
™ Default Source Location: Unknown Release Location Site Met Data

Files of type: [Hotspot Scerario Files

Open the Examples folder and select and open the Plutonium Explosion.hot scenario.
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HotSpot Scenario Library File Name 21x|
Look in: IE}Examples j & % B

i‘l Acuke PU-238 100% Lethality at 0,50 km,hot
i‘| General Explosion,hot

i‘l General Fire,hot

i‘l General Plumne. hat

i’] General Resuspension, hot

Plutonium
i‘l Plutoniumn Fire, hot
i‘l Plutonium Resuspension, hot
.i°| Tritiumn Release.hot
i‘l Uranium Explosion, hat
?‘| Uraniurn Fire, hat

File name: IPIutonium Explosion. haot j Open I
Files of type: IAII Files [* hat) j Cancel |

[ Open as read-only
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Plutonium Explosion (non-nuclear) Example

Background

In Operation Roller Coaster, a series of explosive-release mitigation studies was carried out at the
Department of Energy’s Nevada Test Site. One of the tests, named Double Tracks, involved the
explosive (non-nuclear) release of plutonium (0.081 alpha curies/gram) using 113 lbs. of high
explosive. The test was performed at 3 a.m., neutral “D” stability class, and the wind speed was 6
meters per second at a reference height of 10 meters. Compare the HotSpot estimates with the
actual test measurements. The experimental results were normalized to a 1-kilogram initial mass of
plutonium of which 20% was determined to be respirable (Dewart, et al., 1982). 100% of the
plutonium was airborne.

|7 Weapons Grade Pu ’7 1 kg

’7 0.30 crmisec ’7 8.10E-02 Cify

1.00E-+10
2.00E-01
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The following assumptions are used for this example:

Radionuclide: Weapons Grade Pu

Material at Risk: 1 kg (normalized)

Damage Ratio: 1.000

Leakpath Factor: 1.000

Respirable Deposition Velocity: 0.30 cm/sec
Airborne Fraction: 1.000E + 00

Respirable Fraction: 0.200E-01

Respirable Release Fraction: 2.00E-01
Specific Activity: 8.10E-02 Ci/g

High Explosive: 113 Ibs. TNT

10-meter Wind Speed: 6.0 m/s
Atmospheric Stability Class: D

The setup data for this example are as follows. Ground shine and resuspension were not checked,
since the time-integrated air data only included measurements during plume passage.
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. .
HotSpot User’s Guide
W HotSpot Version 3.0 Friday, Marc _ ol x|
File  Help
| Models | Source Terml Meteorology | Receptors Setup | Output |
‘ [ Terrain Radiological Units —— Distance Units —
| | % Standard : Consemative Option & Classic (rem, rad, Ci) & Metric
1 (e City Large Metropolitan Area 5| (Sievert, Gray, Bo " English
™ Input Surface Roughness Explosion Model AF Distribution

: Wind Ref Height Sample Time Source Geometry Userinput Vertical AF Distribution
’7 | 10 meters —‘ ’]10 min —‘ & Simple ™ Change/view AF Distribution
" Complex

Mixing Layer —————————
I Enable Inversion

(DCF Library

& FGR 1 C FGR 13

 Acute (30-days) ‘

—Ground Shine & Resuspension
™ Include Ground Shine (Weathering Correction Factar : Mone)
™ Include Resuspension (Resuspension Factor @ YWASH 1400 NUREG-75/01

Ereathing Rate

330E-04 s

Holdup Time
’70 rin

i Caontour Values

TEDE (rem Deposition (uCi/m2|
Inner 5.00 Inner 1.00
Iiddle  |2.00 Middle 0.50
Outer  [1.00 Outer 0.10

& uCikm2 dpmsA100 cm2)

Mon-respirable Deposition Yelocity
’7 IB cmisec

Wwet Deposition
’7 I™ Enable Rainout

Return to Original Detauts

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

HotSpot Version 3.0 Plutonium Explosion

Source Material
Material-at-Risk (MAR)
Damage Ratio (DR)
Airborne Fraction (ARF)
Respirable Fraction (RF)
Leakpath Factor (LPF)
Respirable Source Term

Non-respirable Source Term

Specific Activity
Wind Speed (h=10 m)
High Explosive

Debris Cloud Top
Church Cloud Height CF
h(5) AF Fraction

4) AF Fraction

3) AF Fraction

2) AF Fraction

1) AF Fraction

UNMITIGATED BLAST DAMAGE
IABTI safe distance
Onset of shattered glass

Eardrum ruptures and incapacitation

Lung damage and complete
Onset of lethality

Fatalities in over 99% of population

Weapons Grade Pu
1 kg

1.00

1.000

0.200

1.000
1.62E+01 Ci
6.48E+01 Ci
8.10E-02 Ci/g
6.00 m/s

113.00 Pounds of TNT

due to blast

(5 psi)
incapacitation (10 psi)
(25 psi)
(100 psi)

431 m (1414 ft)

Note: 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. Vel.
Non-respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

Distance Coordinates

D
0.30 cm/s
8.00 cm/s
1.5 m
: None
10.000 min
3.33E-04 m3/sec

All distances are on the Plume Centerline

(0.5 psi): 106 m - 135 m (349 ft - 444 ft)
21 m- 33 m (69 ft -
14 m- 22 m (48 ft - 73 ft)

9.4 m- 15 m (31 ft - 48 ft)
5.1m-8.7m (17 ft - 28 ft)
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Maximum Dose Distance 0.010 km
MAXIMUM TEDE 64 rem
Inner Contour Dose 5.0 rem
Middle Contour Dose 2.0 rem
Outer Contour Dose 1.0 rem
Exceeds Inner Dose Out To 0.48 km
Exceeds Middle Dose Out To 1.8 km
Exceeds Outer Dose Out To 4.5 km
FGR-11 Dose Conversion Data - Total Effective Dose Equivalent (TEDE)
RESPIRABLE
DISTANCE T EDE TIME-INTEGRATED GROUND SURFACE ARRIVAL
ATR 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-05 2.4E+01 <00:01
0.400 6.1E+00 5.9E-05 1.7E+01 <00:01
0.500 4.8E+00 4.7E-05 1.3E+01 <00:01
0.600 4.1E+00 4.0E-05 1.1E+01 00:01
0.700 3.8E+00 3.7E-05 9.9E+00 00:01
0.800 3.5E+00 3.4E-05 9.2E+00 00:01
0.900 3.2E+00 3.1E-05 8.5E+00 00:01
1.000 3.0E+00 2.9E-05 8.0E+00 00:01
2.000 1.9E+00 1.8E-05 4.8E+00 00:03
4.000 1.1E+00 1.1E-05 2.7E+00 00:07
6.000 7.8E-01 7.6E-06 1.8E+00 00:10
8.000 6.0E-01 5.9E-06 1.3E+00 00:14
10.000 4.9E-01 4.8E-06 1.0E+00 00:17
20.000 2.5E-01 2.4E-06 3.9E-01 00:35
40.000 1.2E-01 1.2E-06 1.2E-01 01:10
60.000 8.0E-02 7.8E-07 5.5E-02 01l:46
80.000 5.9E-02 5.8E-07 3.1E-02 02:21

As shown in Figures 1 and 2, the HotSpot estimates agree well with the measured integrated air

concentration and ground deposition measurements. The time-integrated air concentration data were

converted to (microgram-sec)/m’ using a specific activity of 0.081 curies per gram (same as the

value used in the source term). The non-respirable time-integrated air concentration is output in the
table by checking the Append QC Data box.

—Text Files
Table Output

Save Table Output

View Saved Table Output Files

& Plume Centerline ¢ Compass
™ Display All TEDE Components

™ Include All Organ Data

™ Include Organs Exceeding 50 rem
V' 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,

CHIrotat = CHIRegpirabte + CHINon-respirable = 2.9 E-05 (Ci-sec)/m’+ 9.9 E-05 (Ci-sec)/m3

CHlro = 1.3 E-04 (Ci-sec)/ m’
CHlrgw = 1.3 E-04 (Ci-sec)/ m’ + 8.1 E-08 Ci/ug = 1.6 E+03 (ng-s)/m’

Example: Deposition for comparison with experimental results shown in Figure 2.

Deposition at a downwind centerline distance of 1 kmis,
Deposition = 8.0 E+00 uCi/m2 + 8.1 E-02 uCi/ pg = 9.9 E+01 pg/m’
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10000

1000

[ug=¥m3

Double Tracks
1.0 kg Plutonium O Stability, o[10m )= & més
Explosive Release [1131bs HE]
Iotegrated Air Concentration

o

i 10 100 1000
[Downwind Certerine Distance (km)|

Figure 1. Double Tracks — air concentration (microgram-seconds per
cubic meter; Total plutonium (respirable + non-respirable)

1.0E+D5

Double Tracks
1.0kg Plutonium, D 5 bility, [ 10m) =6 m/s
Explosive Release (113 IbsHE)
Ground Deposition

10E+D4

1.0E+03
L

1.0E+D2

1.0E+D01

1.0E+00

0om

0.1 1 10
[DownwindCenterine Distance (km)|

100

Figure 2. Double Tracks — ground deposition (micrograms per square meter)
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Plutonium Fire Example

A plutonium fire containing three kilograms of weapons-grade plutonium and 30 gallons of fuel has
burned for a total of 15 minutes. The effective radius of the fire zone is 10 meters. The sun has set,
the wind speed (at a reference height of 10-meters), is 5 m/sec and the temperature is 20°C. Use an
airborne fraction of 0.01 and a respirable fraction of 0.05 which results in a respirable release
fraction of 5.0x10™,

1. Estimate the dose commitment to individuals remaining downwind throughout the entire
fire due to passage of the plume.

2. How far downwind does the 100 mrem TEDE contour extend?

¥ HotSpot Version 3.0 _ o] x|
Filz  Help
Models Source Term | Meteorology | Receptors | Setup | Output |
Model : ‘ Plutonium Fire

Radionuclide Material-at-Risk (MAR) Damage Ratio (DR)
’7 IWeapons Grade Pu ﬂ 3 kg W ﬁ 1.000 T

Leakpath Factar
Deposition Velocity Specific Activity I 1.000
ﬁ 0.30 crfsec —”] 5.10E-02 Cify

Airborne Fraction (ARF)
1.00E-02

Respirable Fraction (RF)
5.00E02

Fuel Fire Infarmation

" Enter Cloud Top Fuel Yalurme Release Radius Air Temp
" Enter Heat Emission Rate ’130 gal ( |1D m W ’V |20 deg C
& Enter Fuel and Burn duratio

Heat of Cornbustion

Fh | Height of the F Ui I 12000 cal
sical Height of the Fire - calig
I-u— |15 min

( L —‘

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: 1.00E-02

Respirable Fraction: 5.00E-02

Respirable Release Fraction: 5.00E-04
Specific Activity: 8.10E-02 Ci/g

Fuel Volume: 30.0 gal

Fire (Burn) Duration: 15 min

Release Radius: 10.0 m

Physical Height of Fire: 0 m
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10-meter height wind speed: 5.0 m/s
Solar Condition: Night (Stability Class D)

49
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 Hot - |0 x|
File Edit Format Yiew Help
HotSpot wversion 3.0 Plutonium Fire ‘:J

Mar 01, 2013 10:12 AM

source Material weapons Grade Pu

Material-at-risk (MAR) 3 kg
Damage Ratio (DR) 1.00
Airborne Fraction (ARF) 1.00E-02
RESEirab1e Fraction (RF) 5.00E-02
Leakpath_Factor (LPF) 1.000

1.22E-01 Ci
2.31E400 Ci
8.10E-02 Ci/g

Respirable Source Term
Non-respirable Source Term
specific Aactivity

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

10.000 min
3.33E-04 m3/sec
A1l distances are on the Plume Centerline

sample Time
Breathing Rate
Distance Coordinates

Maximum Dose Distance : 0.39 km
MAXIMUM TEDE : 0.251 rem
Inner <Ccontour 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 outer Dose Out To : 3.3 km

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

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

km (rem) (Ci-sec)/m3 (uci/m2) (hour :min)
0.030 2.0E-04 1.9e-09 2.0E-03 <00:01
0.100 2.6E-02 2.5E-07 2.5E-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 3.0E+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
Q.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 a0-02
1.000 1.4e-01 1.4e-06 1.8E+00 a0-02
2.000 6.0E-02 5.BE-07 6.0E-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 g0:16
8. 000 9_6E-03 9_3E-08 5.9E-02 o022
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
0. 000 8. 5E-04 B.3E-09 6.3E-04 02:46
B0. 000 6.2E-04 6. 0E-09 3.0E-04 03:41

e o

As shown in the above text output, the Inner Contour Dose value of 0.100 rem (100 mrem) extends
out to a distance of 1.3 km. This is also shown in the following TEDE contour plot.
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Plutonium Resuspension Example

Estimate the TEDE rates, i.e., dose commitment per hour of downwind exposure, to individuals
downwind from a two-week-old plutonium contamination event. Most of the plutonium is
contained in an area with an effective radius of 100 meters. The average contamination level is
150 uCi/m?’. It is nighttime and the wind speed is 1 m/sec (at 10-meter reference height).

ns Grade Pu

(( e one | (fen
=

’7 14 day

3.6E06  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 Ci/s
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 : 1.5 m

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 0.141 rem

Inner Contour Dose 0.500 rem
Middle Contour Dose 0.100 rem

Outer Contour Dose : 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 T EDE AVERAGE
PER 1-HR EXPOSURE TIME ATIR CONCENTRATION
km (rem) (Ci/m3)
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
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Uranium Explosion Example

Three kilograms of weapons-grade uranium (90% U-235, 10% U-238), are involved in a non-
nuclear detonation of 40 1bs. of high explosive. The sun is low in the sky and the wind speed is

1 m/sec at a measurement height of 10 meters. Assume 100% of the uranium is airborne and 20% is
respirable. Estimate the ground contamination and 50-year CEDEs as a function of downwind
centerline distance. As is typical in an explosive release scenario, the Damage Ratio and Leakpath
Factor are both 1.000. Since we are only interested in centerline dose and deposition estimates, the
azimuth of the wind direction is not required.

’7 1.000
| ’7 1.000
( 0.30 cmfsec ’7 B.21E-05 Cify

. ’7 4.00E+01 |b
o

1.00E+00 ’7

( |
(

2.00E-01
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|3.33E-04 m3fs

T—
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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-02 Ci
Non-respirable Source Term 1.49E-01 Ci
Specific Activity 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 : 191 m

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(l) AF Fraction 0.0400

UNMITIGATED BLAST DAMAGE
IABTI safe distance : 305 m (1000 ft)
Onset of shattered glass due to blast 0.5 psi): 75 m - 96 m (247 ft - 314 ft)

(
Eardrum ruptures and incapacitation (5psi) ¢+ 15m - 24 m (49 ft - 78 ft)
Lung damage and complete incapacitation (10 psi) : 10 m - 16 m (34 ft - 51 ft)
Onset of lethality (25 psi) ¢ 6.6 m - 10 m (22 ft - 34 ft)
Fatalities in over 99% of population (100 psi) : 3.6 m - 6.1 m (12 ft - 20 ft)

Note: minimum range corresponds to side-on pressure and maximum range
corresponds to reflected overpressure generated using
Sandia National Laboratories BLAST model.

Stability Class : B

Respirable Dep. Vel. : 0.30 cm/s
Non-respirable Dep. Vel. : 8.00 cm/s
Receptor Height : 1.5 m

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 0.451 rem

Inner Contour Dose 1.00E-03 rem
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 T EDE TIME-INTEGRATED GROUND SURFACE ARRIVAL
ATIR 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
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Uranium Fire Example

100 kilograms of LEU uranium (5% U-235, 95% U-238), used in an isotope-separation experiment
is involved in a significant building fire (heat emission = 1 E+07 calories/sec, effective radius of
building fire is 50 m). The sun has set, the wind speed is approximately 11 m/sec (at 10-meter
reference height), and the ambient air temperature is 20°C. The nearest occupied location is at a
downwind distance of 0.5 km. What is the maximum expected TEDE for this location? Since we
are only interested in the centerline dose, the azimuth of the wind direction is not required.

I e —
| om— || ——

e[RRI
[ 500202

’7 5.00E-02

[TEon | [fossc

’7 1.00E+7 calis

( 11.00 m/s r
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Return to Original Defautts
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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 Term 5.98E-04 Ci
Non-respirable Source Term 1.14E-02 Ci
Specific Activity 2.39E-06 Ci/g 5.000 %
Heat Emission 1.00E+07 cal/s
Release Radius : 50.0 m

Physical Height of Fire : 0m

Effective Release Height : 31 m

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 : 1.5 m

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 4.14E-04 rem
Inner Contour Dose 5.00E-06 rem
Middle Contour Dose : 2.00E-06 rem
Outer Contour Dose : 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 Data - Total Effective Dose Equivalent (TEDE)

RESPIRABLE
DISTANCE T EDE TIME-INTEGRATED GROUND SURFACE ARRIVAL
ATR 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 <00:01
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 2.4E-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 0l:16
80.000 5.7E-07 1.5E-11 4.4E-06 01:42



HotSpot User’s Guide 4. Atmospheric Dispersion Model Examples

Tritium Release Example

30,000 curies of tritium oxide (HTO) are released from a 30-meter stack over a 10-minute time
period. Use a deposition velocity of 0 cm/sec for the HTO. The wind speed is 1 m/sec (at 10-meter
reference height). The sun is low in the sky. What distance is associated with the maximum 50 -year
CEDE to an individual remaining at this location throughout plume passage?

’7 Tritium 3 O0O0E+04 Ci 1 0oo
1DD % 1 oon

’7 D 00 cmisec

r

’7 1.00E+10

1 O0E+10
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Plume Centerline (TEDE) rem as a Function of Downwind Distance

{ T

/
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HotSpot Version 3.0 Tritium Release

Source Material
Material-at-Risk (MAR)
Damage Ratio (DR)
Airborne Fraction (ARF)
Respirable Fraction (RF)
Leakpath Factor (LPF)
Respirable Source Term
Non-respirable Source Term
Effective Release Height
Wind Speed (h=10 m)

Wind Speed (h=H-eff)
Stability Class
Respirable Dep. Vel.
Non-respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

Distance Coordinates

Maximum Dose Distance
MAXIMUM TEDE

Inner Contour Dose

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 - Total Effective Dose Equivalent

Tritium

CoOWRrRrRFRFWOWRRRERW

1.

.0000E+04 Ci 100 %
.00

.000

.000

.000

.00E+04 Ci

.00E+00 Ci

m
00 m/s
08 m/s

00 cm/s
00 cm/s
5m

None
10.000 min

3.
All distances are on the Plume Centerline

O OO OO OoOoOOo

33E-04 m3/sec

.18 km
.176 rem
.100 rem
.080 rem
.050 rem
.34 km
.39 km
.51 km

Note: Dose Results Include HTO Skin Absorption

Tritium Oxide

RESPIRABLE
DISTANCE T EDE TIME-INTEGRATED ARRIVAL TIME
ATR 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 vehicle transporting a liquid solution containing 30 curies of [-131, 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 (at a 10-meter reference height), on a cloudy day. Assume 100% of the I-131 becomes
airborne, and that 100% of the airborne material is respirable. As is typical in an explosive
release scenario, the Damage Ratio and Leakpath Factor are both 1.000. Estimate the 50-year
CEDE as a function of downwind centerline distance from the accident scene. Note: an estimate
ofthe TNT equivalent of an exploding vehicle gas tank is 1 1b.

’7 11131 D 8.04d ’7 3.0000E+01 Ci ’7 1.000

Change Radionuclide Source Term

=TT

1.00E+HID
1.00E+00
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HotSpot Version 3.0 General Explosion

Source Material
Material-at-Risk (MAR)
Damage Ratio (DR)
Airborne Fraction (ARF)
Respirable Fraction (RF)
Leakpath Factor (LPF)
Respirable Source Term

Non-respirable Source Term

Wind Speed (h=10 m)
High Explosive

Debris Cloud Top
Church Cloud Height CF
h(5) AF Fraction

h(4) AF Fraction
h(3) AF Fraction
h(2) AF Fraction
h(1l) AF Fraction

UNMITIGATED BLAST DAMAGE

I-131 D
.0000E+01 Ci
.00

.000

000

.000

.00E+01 Ci
.00E+00 Ci
.00 m/s

.00 Pounds of TNT
6 m

.0000

.2000

.3500

.2500

.1600

.0400

8.04d

OCO0OO0O0OOR JHRNOWR L EFERFW

IABTI safe distance 274 m (900 ft)
Onset of shattered glass due to blast (0.5 psi): 22 m - 28 m (72 ft - 92 ft)
Eardrum ruptures and incapacitation (5 psi) 4.4 m - 6.9 m (14 ft - 23 ft)
Lung damage and complete incapacitation (10 psi) 3.0m - 4.6m (9.9 ft - 15 ft)
Onset of lethality (25 psi) 1.9m - 3.0m (6.4 ft - 9.9 ft)
Fatalities in over 99% of population (100 psi) 1.0m - 1.8 m (3.4 ft - 5.9 ft)
Note: minimum range corresponds to side-on pressure and maximum range
corresponds to reflected overpressure generated using
Sandia National Laboratories BLAST model.
Stability Class B
Respirable Dep. Vel. 0.30 cm/s
Non-respirable Dep. Vel. 8.00 cm/s
Receptor Height 1.5 m
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-03 rem
Middle Contour Dose 2.00E-03 rem
Outer Contour Dose 1.00E-03 rem
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 - Total Effective Dose Equivalent (TEDE)
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 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 00:29
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

425



HotSpot User’s Guide 4. Atmospheric Dispersion Model Examples

General Fire Example

Fifty curies of Am-241 are involved in a laboratory fire. Assume no containment and the Airborne
and Respirable Fractions are 0.01and 0.05, respectively. The effective radius of the fire is 20
meters. The sun is low in the sky, and the wind speed (at a 10-meter reference height), is 4 meters
per second. The observed cloud top of the plume is approximately 20 meters above the ground.
Estimate the ground contamination and TEDEs as a function of downwind centerline distance.

Am-241 W 4322y ’7 5.0000E+01 Ci ’7 1.000
Change Radionuclide Source Term

N ’7 1.000
0.30 cmésec

( 5.00 mis r
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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
Material-at-Risk (MAR)
Damage Ratio (DR)
Airborne Fraction (ARF)
Respirable Fraction (RF)
Leakpath Factor (LPF)
Respirable Source Term
Non-respirable Source Term
Release Radius

Physical Height of Fire
Effective Release Height
Wind Speed (h=10 m)

Avg Wind Speed (h=H-eff)
Stability Class
Respirable Dep. Vel.
Non-respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

Distance Coordinates

Am-241 W 432.2y
.0000E+01 Ci
.00

.00E-02
.00E-02

.000

.50E-02 Ci
.75E-01 Ci
0.0 m

m

4 m

.00 m/s

.12 m/s

.30 cm/s

.00 cm/s

.5 m

None

10.000 min
3.33E-04 m3/sec

P ooWuouuouRrOoONBNREOGOREOM

All distances are on the Plume Centerline

Maximum Dose Distance 0.010 km
MAXIMUM TEDE 0.807 rem
Inner Contour Dose 5.00E-03 rem
Middle Contour Dose 2.00E-03 rem
Outer Contour Dose 1.00E-03 rem
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)
RESPIRABLE
DISTANCE T EDE TIME-INTEGRATED GROUND SURFACE GROUND SHINE ARRIVAL
ATR 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 02:10
60.000 8.6E-06 5.8E-11 4.7E-05 1.7-11 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 the TEDE rates (i.e., dose commitment per hour of downwind exposure) to individuals downwind
from a contamination event involving Cm-244. Most of the curium is contained in an area with an effective
radius of 50 m. The average contamination level is 1,000 micro curies per square meter. Based on air

sampling measurements, the Resuspension Factor (RF) is 1.0 E-05 1/m. The RF values are determined at
a height near the ground surface (assumed to be a wind speed height of 2 meters). The sun is high in

the sky on a cloudless day with a 3 m/s wind speed (measured at a 10-meter reference height, which results
in a 2-meter height wind speed of 2.68 m/s).

Cm244 W 18.11y { 1.00E+03 uCidm?2 (
Change Radionuclide Source Term
’7 0.30 cmisec

1.0E05 1/m
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3.33E-04 ma3fs

O
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HotSpot Version 3.0 General Resuspension

Resuspension Factor : User-input Value)

Source Material

Source Term
Resuspension Factor
Effective Release Radius
Effective Source Term
Wind Speed (h=10 m)
Surface Wind Speed (h=2 m)
Stability Class
Respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

Distance Coordinates

Maximum Dose Distance
MAXIMUM TEDE

Inner Contour Dose

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 - Total Effective Dose Equivalent

Cm-244 W 18.11y
1.00E+03 uCi/m2
1.0E-05 1/m

50 m

.8E-05 Ci/s

.00 m/s

.68 m/s

.30 cm/s

.5 m

None

60.000 min
3.33E-04 m3/sec

o N WS

All distances are on the Plume Centerline

.010 km

.8 rem
.00E-03 rem
.00E-03 rem
.00E-03 rem
.3 km

.8 km

.6 km

awNE N RO

DISTANCE T EDE AVERAGE
PER 1-HR EXPOSURE TIME ATIR CONCENTRATION
km (rem) (Ci/m3)
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 2.4E-10
0.600 5.4E-02 1.8E-10
0.700 4.1E-02 1.4E-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
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General Plume Example

Estimate the potential Total Effective Dose Equivalent (TEDE), due to a release of 20,000 curies of
Kr-85 from a 10-meter stack. The wind is from the West at 1 meter/second (at a 10-meter reference
height), on a sunny day. Since this is a noble gas, the Leakpath Factor Airborne Fraction, and
Respirable Fraction are all 1.000.

Kr35 1.0756E+01 y 2 O000E-+04 Ci 1 0oo
Change Radionuclide Source Term
1 0o
D 00 cmisec

J

1.00E+10

1.00E-+10
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1.00E-05
5.00E-06
1.00E-06
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HotSpot Version 3.0 General Plume

Source Material
Material-at-Risk (MAR)
Damage Ratio (DR)
Airborne Fraction (ARF)
Respirable Fraction (RF)
Leakpath Factor (LPF)
Respirable Source Term
Non-respirable Source Term
Effective Release Height
Wind Speed (h=10 m)

Wind Speed (h=H-eff)
Stability Class
Respirable Dep. Vel.
Non-respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

Distance Coordinates

Maximum Dose Distance
MAXIMUM TEDE

Inner Contour Dose

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 - Total Effective Dose Equivalent

K

PO OPRRPRRPONRREREEN

N
1
3

All distances are on the Plume Centerline

O wNNE O OO

r-85 1.0756E+01 y
.0000E+04 Ci
.00

.000

.000

.000

.00E+04 Ci
.00E+00 Ci

m

.00 m/s

.00 m/s

o

.00 cm/s
.00E+00 cm/s
.5 m

one

0.000 min
.33E-04 m3/sec

.034 km
.019 rem
.00E-05 rem
.00E-06 rem
.00E-06 rem
.7 km

.8 km

.4 km

RESPIRABLE
DISTANCE T EDE TIME-INTEGRATED ARRIVAL TIME
ATR CONCENTRATION
km (rem) (Ci-sec) /m3 (hour:min)

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 1.9E-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 2.0E-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 dispersion and explosion models, four special purpose programs are
also included in HotSpot: 1) Nuclear Explosion (nuclear yield), 2) Radionuclides in the Workplace,
3) FIDLER Calibration and Lung Screening, and a module to calculate 4) Percentile Dose using
Historical Meteorological Data.

Nuclear Explosion

HotSpot estimates the effects of a surface-burst 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 and the U.S. Department of Energy, 1977).Cloud dimensions use the
algorithms contained in Allied Tactical Publication-45(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. The total 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 thermal radiation. However, it is this prompt ionizing
radiation that causes a significant proportion of the casualties.

The effective wind speed and direction (wind shear) vary with the height of the top and bottom of
the stabilized debris cloud. HotSpot fallout predictions assume a default effective wind speed of 15
miles per hour (6.8 meters per second) and a fixed wind shear of 15 degrees. The 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 doses- the 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 attenuation from fallout gamma radiation for various structures (home, apartment, earth,
etc.), are selectable options for table output, fallout contour plots and contour files. Table 5.1
contains the dose transmission factors used in HotSpot for fallout gamma, prompt gamma, and
prompt neutron radiation. (See Glasstone, 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 structure dose transmission factors

Shielding Structure Dose Transmission Factor
Fallout Gamma Prompt Gamma Prompt Neutron
No Shielding 1.0 1.0 1.0
Vehicles (i.e., cars, trucks, buses) 0.5 1.0 1.0
Frame house 0.6 1.0 0.8
Basement 0.1 0.6 0.8
Multistory-lower floor 0.1 0.6 0.8
Concrete 9-inch walls 0.09 0.2 0.5
Concrete 12-inch walls 0.03 0.1 0.4
Multistory-upper floor 0.01 0.9 1.0
Concrete 24-inch 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

What would be the prompt effects from the surface detonation of a 10-kiloton fission device?
Assume an effective wind speed of 6.8 m/s. Also include the estimated fallout external dose to

individuals remaining in the open environment (i.e., no sheltering), at 1, 2, and 3 kilometers directly
downwind of the nuclear detonation.

Nuclear Explosion - *
I Nucl I |

Nuclear Explosion ~ Text Files

— |~ Contour Plots - Computer Display
_Nuclear Effects [ able Qutput Create Fallout Contour Plot |

Muclear vield =
I 10.0KT Save Table Output | N —
Eff. ¥ind Speed View Saved Table Output Files | # Plume Centerline  Compass
6.80 m/s
4 Contour Plots - Mapping Files

& Append Fallout Fallout Contour File (KML) |
Pramgt Meutron REE W Append Summary Prompt Effects Files (.KML)l
30 ™ Frompt Contour Effects
I™ Display H+1 reference dose rate

[~ Contour Optiong

’—Wmd Direction

Hotspot Mappin
I 270 Wind from the West ’7 g T D

~Fallout Exposure Time and Sheltering Values for Tables and Contour Plots —;
ield Calculator | ——= . i
IND Shielding j Shielding Transmission Factors
Contourvalues————— | ¢ Dose infirsthour " Dase in firstweek I 1.0000
Fi G :
Fallout Dose (rem) ¢ Dose in first six hours  Dose in first month ToMmptLaamms
Inner1.00E+03 & Dose infirst day " Dose infirstyear Prompt Meutran 1.0000
hiddle [3.00E+02 " Dose infirst 4-days ‘@ (Ul =t - |—1.DDDD
Outer [z o0Eemz ™ Change Exposure Parameters
Exposure Time: (Start: 0.00 days: Duration: 1.00 days)
eathering Correction Factor: Mone)
Ground Roughness Correction Factor: 0.700

I Detonation Location: 35.00722MN106 436304

The following provides general information about nuclear explosions for 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% Blast and ground shock
35% Thermal Radiation (Effective partition = 18% for surface burst)
15% Ionizing Radiation

5% Prompt (first minute)

10% Delayed (minutes to years)

The 10.0 kT nuclear explosion produces a fireball of incandescent

gas and vapor. Initially, 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 function 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 a distance of 0.27 km (0.17 miles) 1Injuries 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, heating 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 the 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 prompt
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
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on the ground creates a footprint of deposited material (fallout).

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 individuals 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 the 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. Any 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, etc.

Nuclear Yield : 10.0 kT

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

Ionizing 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)

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

Prompt Ionizing Radiation Effects : Whole-body Midline Dose
Includes Gamma and Neutron Radiation (Neutron RBE = 3.0)
10,000 rad-eqg ( ) [100% death, < 1 day]....... 0.87 km (0.54 miles)
1,000 rad-eq ( ) [100% death, days].......... 1.23 km (0.76 miles)
460 rad-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 ( ) [50% death, weeks].......... 1.43 km (0.89 miles)
200 rad-eq ( ) [15% death, years].......... 1.51 km (0.94 miles)
140 rad-eq ( ) [ 5% death, years].......... 1.57 km (0.98 miles)
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miles)
miles)
miles)

miles)
miles)

miles)
miles)

miles)

miles)
miles)

miles)
miles)

miles)
miles)
miles)

miles)
miles)
miles)

miles)
miles)
miles)

(3 miles).

Prompt Blast Effects Lethality
Threshold 30 psi (30-50)............... 0.40 km (0.25
50 % 50 psi (50-75) ... 0.32 km (0.20
100 % 75 psi (75-115) ... 0.27 km (0.17
Prompt Blast Effects Lung Damage
Threshold 8 psi (8-15)..........c...... 0.74 km (0.46
Severe 20 psi (20-30) e e iviiinn.. 0.48 km (0.30
Prompt Blast Effects Eardrum rupture
Threshold 5 psi.....coiiiiiiiinnennn. 0.96 km (0.60
50 % 15 psi (15-20) v, 0.54 km (0.34
Prompt Blast Effects Shattered window glass injury
Threshold 0.5 psi....iiiiiiiiinnenn.. 4.09 km (2.54
Prompt Thermal Effects Skin burns and Eye Damage
Eye Damage
Day
Flash Blindness ......iuiiuiinnnennnn 22 km (13.7
Retinal BUIXNS i iii it innnnennennnnn 23 km (14.4
Night
Flash Blindness ......iuiiniinnnennnn 73 km (45.3
Retinal BUIXNS it tii i tnninnennennnnn 41 km (25.5
Visibility 20 km (12 miles)
50 % 1lst Degree (2.4 cal/cm2) ...... 2.00 km (1.24
50 % 2nd Degree (4.7 cal/cm2)...... 1.50 km (0.93
50 % 3rd Degree (7.3 cal/cm2) ...... 1.25 km (0.78
Visibility 40 km (25 miles)
50 % 1lst Degree (2.4 cal/cm2) ...... 2.18 km (1.35
50 % 2nd Degree (4.7 cal/cm2) ...... 1.61 km (1.00
50 % 3rd Degree (7.3 cal/cm2) ...... 1.32 km (0.82
Visibility 80 km (50 miles)
50 % 1lst Degree (2.4 cal/cm2) ...... 2.35 km (1.46
50 % 2nd Degree (4.7 cal/cm2) ...... 1.70 km (1.06
50 % 3rd Degree (7.3 cal/cm2) ...... 1.38 km (0.86
Electromagnetic Pulse (EMP)
Maximum extent of radial EMP effects... 4 km
Ionizing 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-eqg
Prompt Gamma 1.3E+03 rad
Total Prompt Ionizing Radiation 4.1E+03 rad-eq
Thermal @ Visibility = 20 km (12 miles): 1.2E+01 cal/cm2
Thermal @ Visibility = 40 km (25 miles): 1.3E+01 cal/cm2
Thermal @ Visibility = 80 km (50 miles): 1.4E+01 cal/cm2

Fallout Information

Cloud Arrival Time (hr:min)

00:02
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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 Ionizing 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/cm2
Thermal @ Visibility = 80 km (50 miles): 3.4E+00 cal/cm2
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 8.0E+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
Centerline Distance 3.000 km ( 1.863 mi )
Blast (maximum overpressure) Minimal Blast
Prompt Neutron Minimal Neutron
Prompt Gamma 1.3E-01 rad
Total Prompt Ionizing Radiation 1.7E-01 rad-eq
Thermal @ Visibility = 20 km (12 miles): 8.7E-01 cal/cm2
Thermal @ Visibility = 40 km (25 miles): 1.2E+00 cal/cm2
Thermal @ Visibility = 80 km (50 miles): 1.5E+00 cal/cm2
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
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Radionuclides in the Workplace

The HotSpot program provides a guide for initial planning of experiments and workplace selection.
It cannot be treated as a precise hazard analysis for handling radioactive materials. Further
considerations may be necessary depending on the material’s physical form (i.e., solid, powder,
etc.) volatility, pyrophoric properties, ability to penetrate the skin, radiation dose rate, and the
experience of the experimenter and the health physicist. This workplace screening method can be
used as a guide for the 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 measures
selected must take into account the nature of the operation, the radionuclides involved, and the
quantities that will be used. These operations must only be conducted in approved workplaces. The
selection of the workplace is based on the relative hazard of an operation and on the quantity and
radiotoxicity of the radionuclides involved. Accordingly, the relative hazard of an operation is
determined by evaluating the following factors for each radionuclide.

» Radionuclide to be used.

* Chemical and physical form of the radionuclide to be used.
* Quantity of the radionuclide to be used.

 Nature of the operation to be performed.

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

Workplaces are divided into three classifications: Type 1, Type 2, and Type 3. An operation that,
according to this methodology, requires other than a Type 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 low-hazard operations. The requirements for such workplaces
include—

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

* Work surfaces are smooth and impermeable.

» Personnel wear aprons or laboratory coats.

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

Type 2 Workplaces

Type 2 workplaces are used for low- or moderate-hazard operations. The requirements for such
workplaces include—

* Operations are carried 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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» The walls and floors of the hood are smooth and protected with impermeable coverings.

» The coverings of work surfaces are either disposable or selected for ease of contamination
cleanup.

» Personnel wear laboratory coats and gloves appropriate to the material handled.
» Radioactive materials are stored in a hood, a glove box, or other approved container.

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

* Special receptacles are provided for separate collection of solid and liquid radioactive or
mixed waste generated in the workplace.

Type 3 Workplaces

Type 3 workplaces are used for operations classified as high hazard. These workplaces must be
isolated from other working areas. The minimum requirements for such workplaces include—

» Operations are carried out in glove boxes equipped with negative-pressure ventilation and a
high-efficiency filtration (e.g., HEPA) system. Other protective devices (e.g., shielding,
remote handling devices, air locks, bag-out ports, etc.) commensurate with the degree of
hazard associated with the operations are included.

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

* The atmosphere in work rooms is maintained at negative pressure with respect to other parts
of the building ventilation.

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

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

» 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 monitoring program is maintained to detect atmospheric contamination, external radiation,
and surface contamination. Alarm devices are installed to warn personnel of external radiation
or airborne contamination exceeding permissible levels.

» Special receptacles are provided for separate collection of solid and liquid residues generated
during operations.

Guide for Selecting Workplaces

The following equation is used to define the relative hazard of the radionuclide operation.
H = QTU/(m)"?
Where:
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= Hazard Guide Value (dimensionless)

Quantity of radionuclide (uCi)

Toxicity factor (dimensionless)

Use factor (dimensionless)

= Mass of total radioactive and non-radioactive material (g).

IS QN
I

Note: If m <1 g, assume m = 1g.

The Hazard Guide Values are based on the 50-year CEDE due to the accidental inhalation of a
specific fraction 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 to calculate H.

Workplace requirements as a function of H

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

Toxicity Factor

The toxicity factor, 7, 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 material. If the “FGR 117 DCF Library Option (Main HotSpot
“Setup” form) is selected, ICRP-30 DCFs are used for determination of the DAC and Annual Limit
of Intake (ALI), (1 pum AMAD). If the “FGR 13” DCF Library Option is selected, the DAC and
ALI values are determined using the new ICRP-60+ DCFs for occupational exposure (5 pm
AMAD). The following screen shows that the FGR 11 Library has been selected.

M HotSpot Version 3.0 Fi =[olx]
File Help
Models | Source Term| Meteorology | Receptors Setup | Output |

Terrain Radiological Units Distance Units
& Standard : Conservative Option & Classic (rem, rad, Ci) 1 Metric
 City Large Metropolitan Area Sl (Sievert, Gray, By © English
I Input Surface Roughness Explosion Model AF Distribution
Wind Ref Height Sample Time Source Geometry Default HotSpot Vertical AF Distrib
’7 [10 metars —‘ ’]WD min —‘ & Simple ™ Changefview AF Distribution
£ Complex
Mixing Layer 5
™ Enable Inversion CF Library
& FGR 11 FGR 13 © Acute (30-days)

~Ground Shine & Resuspension Breathing Rate
™ Include Ground Shine (Weathering Correction Factor : Nong) 3. 39E04 mis
™ Includa Resuspension (Resuspension Factar : Maxwell-&nspaugh) -
Exposure Time: (Start: 0.00 days; Duration: 0.00 days) Holdup Time
|7EI min
Contour “Walues Maon-respirable Deposition Velocity
TEDE (rem| ~Deposition (uCi/m2) ’7 5 crmiser
Inner 0.10 Inner 100.00
Iiddle j0.08 Middle 10.00 Wet Deposition ————————— |
Outer IEIEIE— Outer 100 ™ Enable Rainout
& uGifm2  © dpm/(100 cm2)
Return to Criginal Defavits
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T= DAC HTO/ DAC Radionuclide under consideration

NOTE: Radionuclides labeled to molecules (i.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 calculate a specific Hazard Guide value depends on the type of
operation performed in the work area (e.g., wet chemistry, grinding of dry material). The respirable
fraction is defined as the fraction of the released material associated with an AMAD of 1 um for the
FGR 11 option or an AMAD of 5 um for the FGR 13 option. For normal operations, as shown in

the use factors table, the inhalation fraction is 1 x 10-4. This inhalation fraction is based on actual
incidents involving the inhalation of radioactive material and 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 account
for the increase or decrease in the inhalation fraction associated 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 material

No vigorous chemical reactions

Precipitation

Filtration or centrifuging 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 to dryness 50
Elevated temperatures

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

Mass Factor

If the radionuclide concentration of the material is increased or decreased, the consequences of
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 be
evaluated individually by a health physicist. This is necessary to take into account the special
consideration of handling very large amounts of material. For example, large quantities can
potentially pose a significant hazard outside of the immediate work area. In addition, quantities less
than 0.1 g should be evaluated by a health physicist because they can potentially pose a greater
inhalation risk if the radioactive material is contained in a relatively small number of respirable
particles.
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Radionuclides in the Workplace Example 1

Note: These examples use FGR-11 Dose Conversion Factors (DCF) for determination of the DAC and ALI
(1 um AMAD, ICRP-30). If you have selected FGR-13 mode, the DAC and ALI values are determined using
the new ICRP-60+ DCFs for occupational exposure (5 pm AMAD).

An experimenter wants to pipette a solution containing a total of 500 uCi of class W Pu-239. The
activity concentration of the solution is 20 pCi/g, therefore total mass is 25 g. What type of
workplace should be recommended for this operation?

I Radionuclides in the Workplace - ol x|
—Radionuclide Information
Plutoni ALl : Nonstochastic (FGR-11)
|Pu-239 W 24065y | ZE+H02 By (BE-03 uCi)
. . ~DAC
Change Radionuclide | I TE-D1 Bym3 (3E-12 03 )

Specific Activity
| 230E+09 Byly (6.22E-02 Cify)

—Workplace Requirements

~Type of Operation —— ~Maximum Rec ded Activity
® Type 1 Workplace Type 2 Workplace
S a1 “ 2.4E+06 Bq (6.6E+01 uCi) “ 2.5E+09 Bq (6.7E+04 uCi)
& Simple Vet
 Marmal

~Recommended Workplace

© Simple Dry I Type 2 Workplace _IM@L
© Complex Wet S0E03 4
—Total Activity

Mass (total) —

 Dry and Dusty I & ONEHT2 uCi 255401 4
Typet | Type2| | [ Mass (nonrad ~Hazard Guide ——
25EH1 g |—7.5E+D?

Type 3 | Print |

Workplace Example 1
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Radionuclides in the Workplace Example 2

You are responsible for preparing soil samples following a nuclear 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 highest activity soil samples will be taken in
an area with maximum ground contamination on the order of 100 pCi/m* of weapons-grade
plutonium. The radiotoxicity of weapons-grade plutonium oxide is well represented by assuming
the radionuclide is Pu-239 (PuQ; is usually assumed to be inhalation class Y). Each soil sample has
a mass of approximately 100g and is representative of a ground area of 100 cm®. Therefore, the total
activity per sample is 1 pCi. A maximum of 10 soil samples will be processed at any one time.
What type of work environment should you recommend for this operation?

IMP Radionuclides in the Workplace - o] x|
~Radionuclide Information
Plutoni ALl : Non-stochastic (FGR-11)
Pu239 v 24065y | BE+02 By (2E-02 uCi )
. . —DAC
Change Radionuclide | I 3501 Bofm3 [TE12 Cifm3 )
Specific Activity
[ 230E+09 By/g (622602 Cirg)
~Workplace Requirements
—Type of Operation —— [~ Maximum Rec ded Activity
- Type 1 Workplace Type 2 Workplace
Sl “ 7.8E+03 Bq (2.1E01 uCi) “ 7.8E+06 Bq (2.1E+02 uCi )
 Simple Wet
 MNormal Recommended Workplace
C Simple Dry I Type 2 Workplace _IML
 Cornplex Vet . 16E05 g
& Dry and Dusty [ Lotal Activity [ Mass (total
f 1.00E+00 uCi 1 0E403 g
Typet | Type2| | [ Mass(nonrad ~Hazard Guide —
1.0E+03 g 47E407
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 of Low-
Energy Radiation) or Violinist (FIDLER combined with a multichannel analyzer), for measurement
of plutonium contamination on the ground. However, the program can also be applied to any
instrument suitable for measuring external radiation levels and non-plutonium mixtures, for
example, using a Geiger-Mueller instrument for the measurement of Cs-137 ground 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 the Am-241 component of the mixture or the low-energy x rays centered
around 17 keV. The Am-241component is typically on the order of thousands of parts per million
by weight. It should be noted that measurements using x rays are very sensitive to overburden, for
example, rain, contamination fixative, and dust, and therefore are generally not recommended.
Measurements using the 60-keV gamma from Am-241 are much less sensitive to the overburden
effects due to their higher energy. FIDLER assumes that contamination lies entirely on the surface
of the soil, characteristic of newly-deposited activity. If significant weathering has occurred (e.g.,
measurements are months to years post deposition), a correction factor is required to account for the
attenuation of the emitted photons as a function of soil depth. This correction factor should be based
upon actual soil sample analyses.

The standard FIDLER consists of a 12.7-cm diameter by 0.16-cm thick Nal (TI) crystal. The
detector entrance window is typically 0.025-cm thick beryllium. The crystal is connected to a
photomultiplier tube, and the output of the tube is connected to a hand-held rate meter, or scaler.

A radiation detector can be calibrated by several methods for measuring surface contamination. As
shown in Figure 5.1, the most direct method is suspending the detector over a known area source.
Here, every square meter of the source contains, for example, 1 pCi of Am-241, and the counts per
minute (cpm) indicated on the instrument is, by definition, the areal counting efficiency for Am-241
(cpmV/[pCi-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 single-point check source. Figure 5.2 shows the six measurement positions
required for this calibration procedure. The calibration method was originally intended for a
standard FIDLER instrument, but the technique is applicable to any suitable detector and
contamination, for example, a 2-inch-diameter by 2-inch-thick Nal (TI) detection system for
surveying Cs-137 ground contamination.

n=2 n=3 n=4 n==5

g A -

40 60 80 100
cm

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

Figure 5.2. Radial check source position

The primary goal of the calibration procedure is to determine the instrument’s counting efficiency
for an assumed, uniform area contamination per square meter of surface. This parameter is referred
to as the areal counting efficiency (S,). This efficiency differs considerably from the simple point-
source efficiency, which is commonly used to determine an instrument’s sensitivity for locating
small point sources. In this case we you need to account for the instrument’s sensitivity for off-axis
radiation sources and field of view.
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Figure 5.3 shows the count rate for a typical FIDLER system as a function of radial position of a
5.9 uCi Am-241 check source.

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

T I [

100000

T
L1 11111l

=
1]
[=]

10000

Net count rate (cpm)

I IIHI1||
Lol

100

(=]

20 40 60 80 100
Radial distance (cm)

120

Extrapolation area
100cm — e

Figure 5.3. Typical FIDLER calibration data

Determination of the Areal Counting Efficiency (S,)

The FIDLER is suspended at height (%) above the ground. The FIDLER’s areal counting efficiency
(Sa) for Am-241 (using the 60-keV gamma ray), from a uniform distribution over a circular area (4)
of radius (R) is:

S, =%j C(r)dA (Eq. 1)

where:
g = activity (uCi), in area, d4 (m?)
C(r) = count rate (cpm), from activity (g) in area, dA4,
Because d4 = r dr db.

27r1R
So=[Z[A)rdrdo a2
0 qO
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’ R
S, = T“IC(r)rdr
0

(Eq. 3)

The determination of the areal counting efficiency requires the evaluation of the integral in

Equation 3. As shown in Figure 2, the FIDLER program requires check-source measurements at six

locations (r0-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 simple exponential function of the form:

Clr)=ae”

where:

a = Y-axis intercept,

b = slope,

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

2 4 Tn+1
S, =77 Zan J. rebn’ dr
n=0 T

byt (Eq. 4)
+ ay Ire tdr

I5

4 n+
Sa:2—qﬂ Z—g[ 1(b r1 - 1) e”r(br —1)} 2ebr5(1941f5 1)
Tl

where:

(Eq. 5)
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brd ebr :
Jre r:b—z(r_l) ,

( C!rn!\
b :1nkc(rn+1)J ’

n ~ T+l

and

 =Clln )"

This is the Sa value for a mixture consisting of 100% Am-241. Because we are interested in the Sa
value for a plutonium mixture, we need to account for the activity fraction of Am-241 in our actual
sample mixture.

S, counts - m?

-, - - (Eq. 6)
f min - uCi iy

S

mix

where:
/= the ratio of alpha nCi of mix to uCi of Am-241.

The f'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 user-input age, or input a specific mix and age.
The value of f'is always displayed with the final calibration data (computer display) and is stated as
“I microcurie of Am-241 = 8.66E +00 alpha uCi of MIX.”

In this example, /= 8.66. Note: If you were actually measuring a mix of 100% Am-241, the fratio =
1, and no adjustment of the S, value is required. If you are calibrating the FIDLER using the 17-
keV window, the x-ray abundance ratio of the Am-241 check source to the plutonium mixture is
automatically determined and used in calculating the 17-keV window efficiency. If you are
measuring a specific nuclide, for example, Cs-137, it is assumed your calibration source is identical
to the sample mix, and again the f ratio is 1.

Once the areal counting efficiency has been determined for an instrument, a simple spot- check
calibration scheme based in the K ratio is possible. The K ratio is defined as the ratio (K) of the
areal source counting efficiency (S,) to the point source counting efficiency (S,).
S
K==t , m? @7

3
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where:
Sa = cpm per pCi/m’,
Sp = cpm per pCi.

Once the K ratio has been determined for a particular geometry, the ratio will remain relatively
constant. The electronics might drift (e.g., the PRM-5-3 window might shift away from the desired
photopeak), but the system’s K ratio will not be affected. In other words, the S, and S, can change,
but their ratio will remain constant. The “quick” calibration consists of measuring the point source
efficiency (S,) with an Am-241 check source. The FIDLER’s areal counting efficiency is then
calculated by multiplying S, by the K ratio. Any changes in the detection system will be accounted
for by the current S, measurement. This allows for a quick field-calibration scheme. For example, a
monitoring team can measure the point efficiency before and after a series of field measurements to
confirm the status of the areal counting efficiency (K x S,). This provides an audit trail of the
detector efficiency for post-survey data reduction and documentation.

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 LOS (Scale from Curie, 1975):

27+ 4.65{n/ 1,

LOS , uCi  ®ad®
SLZ
Rate meter:
33, 2RC
LOs_ 2N ZRE ,Ci (Eq. 9)
Sﬂ
Where,

RC = rate meter time constant (min),

rp = background count rate (cpm),

t; = sample counting time (min),

S, = areal counting efficiency (cpm/[uCi/m?]).

The standard deviations of the areal counting efficiency and K factor are also output to the

calibration information display. If you are using a weak check source, short integration time, etc.,
this will be reflected in a large standard deviation.
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File  About

fF FIDLER Calibration

Cal\brationl Mixturel Lurni Screenl Calibration Setup  Equipment 1.D.

 Detector Information

Calibration Date Manufacturer
’7 | August 05, 2001 ’7 I

Harshaw ‘
Marme odel Number
’7 | John Doe ‘ 35 ‘
Serial Murnber
Calibration Motes ’7 66776 ‘
This is an actual FIDLER Bar Code Mumber
calibration, and the values are 333
typical of most FIDLER
configurations. Survey Meter Information
hanufaciurer
Eberline ‘
Model Number
’7 | ESP2 ‘
Serial Murnber
( | 33425 ‘
Bar Code Number
Clear | ’7 55555 ‘

Print | ”Currem Calibration File Location Address

|C:lDocumerﬂs and Settingzaluzzii Wpplication DatsiHotSpot 30FIDLER \Current. 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 mixture is available, but it is known that the
mixture is 30 years old (i.e., 30 years since it was processed). The following data were obtained

using the FIDLER at a ground-to-detector distance of 30 cm. Determine the FIDLER calibration

constants.

Calibration Data:

—Data Entry
Radial
Positio

(em)

100
Background

60-keV Window 17 -keV Window

Total, S Total, S
counts counts
36.835 15.048
23.118 8.602

| 9806 | 3148
4.614 1.318
2.584 166
1.684 a2

750 450

Clear |
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M FIDLER Calibrat =1olx|
File  About
Calibration | Mixture | Lung Screen Calibration Setup IEqumment Lo |

Type of Instrurment Counting Mode Radiological Units
# FIDLER  Scaler lrg g:afssglc fremérad,é)\]
ievert, Gray, By
€ VIOLINIST £ Rate Meter
 OTHER O Lung Scree
—Calibration Source —————— —Sample Counting Time —
Nuclide | Am-241 | 1.0 min

Activity (uCi) I 5.90
Self (17) I 0.600 —Source-to-detector Height —

I cm
L.D. [ 22132 30.0
i Target Mixture Selection
& Plutonium Mixture " Cther Radionuclide (e.q., cesium-137, etc

Energy YWindows for Calibration
’7(‘ 17 ke B0 ke & 17 ke and B0 ket ‘

Print |

First, calibrate the FIDLER using the 5.9-uCi Am-241 check source. It is important to confirm the
self-absorption characteristics of the source (for example, a paper label covering the activity
material). The 60-keV gamma rays will not be appreciably attenuated in most check sources, and
the absorption factor is assumed to be 1.00, that is, SELF (60) = 1.00. However, the 17-keV x-ray
absorption factor can be significant and is required information for the FIDLER calibration unless
you are only interested in 60-keV measurements. If you do not know the SELF (17) factor, you can
always update the calibration data at a later date. In this example, we will assume a 17-keV self-
absorption factor of 60%, that is, SELF (17) = 0.60. In other words, 60% of the 17-keV x rays
emitted and directed towards the FIDLER detector reach the detector. Therefore, 40% of the

x rays are attenuated by the source itself. The FIDLER code assumes a constant thickness of
“overburden” material associated with the check source and automatically adjusts the increase in
self-absorption 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 calibration results are displayed as follows:

" Teset [seew [zeeor [1aeor [ 70 [sews [os1 [35

L 5okt [eoez [17eor [oa0z [ w0 [ [os0 [e7

0.0400
93.3400
6.0000
0.5800
0.0400
0.0000

5-22



HotSpot User’s Guide 5. Special Purpose Programs

Lung Screening

HotSpot’s Lung Screening program screens for plutonium uptake in the lung using a FIDLER or
similar detector. The FIDLER must be positioned above the right lung (less photon attenuation near
the heart). Body height and weight are used to estimate chest-wall thickness. The 60-keV gamma
associated with the decay of Am-241 is used in determining the quantity of the plutonium mix in
the lung. The limit of sensitivity is seldom below several lung burdens. However, this is more than
adequate for emergency screening when low-level counting facilities are not available.

FIDLER ' Lung

/AR

Am-241 Check source
calibration

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

The 60-keV gamma rays are attenuated by the chest wall. The chest-wall thickness is approximated
using the following empirical equation (Kruchten, et al., 1990):

m
t= 0.110; -2.00 (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-wall thickness is approximately 15% for values in the
range of 2 to 4 centimeters. The standard deviation rapidly increases for thickness values outside
this range. It is assumed that the chest wall is 100% muscle, which is conservative (more
attenuation of 60-keV photons). For #<0.5 cm, the chest-wall thickness is assumed to be 0.5 cm.
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The counting efficiency for Am-241 deposited in the lung was determined using a Humanoid
Systems’ Lawrence Livermore National Laboratory Realistic Lung Phantom with lungs containing
a uniform distribution of Am-241 (available from Radiology Support Devices, Inc., Long Beach,
California). Figure 2 shows the count rate as a function of the chest-wall thickness. The data are
well represented by the following exponential equation:

Am-241 Lung Phantom

35000

y = 4.46E+04e 7950
R? = 9.99E-01
30000 -

25000 A

20000 A

15000

Am-241 Efficiency (cpm/uCi)

10000 -

5000
0.00

Fig. 2. Chest wall thickness (cm)

The above efficiency (cpm per pCi of Am-241 deposited in the lung), is normalized to a simple
one-point calibration using an Am-241 check source positioned 30 cm below the FIDLER as shown
in Figure 1. This accounts for variations in different FIDLER configurations, that is, window
thickness, electronic setup, etc. The 30-cm calibration count rate for the FIDLER used in the lung

calibration was 8,700 cpm per pCi of Am-241. Therefore, the normalized equation for efficiency, e,
is:

"check rb -0.279t

3 )e
8.70410% 4,

e = 4.46x10%(

r - r _ (Eq.2)
e=5.13( check b Ye 0.279¢

check
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Where,
Feheek = count rate with Am-241 check source positioned at a detector distance of 30 cm
(cpm),

rp= background count rate (cpm),
A check = activity of Am-241 check source (nCi),
t = chest-wall 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 LOS (Currie, 1975):

27 +4.65Jn/t
G- b/ S ) [JCi (Eq. 3)
Sa

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

1 t+
sdev = 00 J1b/k* 1/ , uCi (Eq. 4)
s

Where,
r» = background count rate (cpm),
t;= sample counting time (min),
e = counting efficiency (cpm/pCi jung),
t, = sample counting time (min).
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Lung Screening Example

Three individuals were involved in an accident involving weapons-grade 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 a PS-1 RASCAL 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 5 ft 8 in. 120 1bs
Robert Wills 5 minutes 3,950 6 ft 2 in. 165 lbs
Jovian Callisto | 5 minutes 3,800 5 ft 8 in. 155 lbs

From the main HotSpot menu, SELECT MODELS under Special Purpose Programs and click on the
FIDLER Calibration & Lung Screening button.

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

fP FIDLER Calibration

File  About

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

Calibration Date
( | August 05, 2001 (

=lolx]

—Detectar Infarmation

danufacturer

I Harshaw ‘
Wame Wodel Murnber
’7 | John Doe ‘ ( | 35 ‘
Serial Number
rCalibration Notes ( | 66776 ‘
This is an actual FIDLER Bar Code Mumber
calibration, and the values are | 333
typical of most FIDLER
configurations. —Survey Meter Information
Manufacturer
( Eberline
todel Murnber
ESP2

Serial Number

Clear

33425

55555

(Ear Code Murnber

Print (Current Calibration File Location Address

IC "Documents and Settingsialuzzil\Application Data'HotSpot30FIDLER \current fid
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Under the Calibration Setup tab, SELECT LUNG SCREEN under the Counting Mode frame. The
following screen will appear:

Click on the Name text box and type the subject’s name. Notes can be added to the Lung Screen
Notes box. Select the correct height and weight of the subject. You can either directly type the data
or use the pull-down scroll boxes. Then click on the remaining white boxes and follow the data
input prompts.

5.3E+01 rem
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 Ibs.

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 efficiency (cpm/pCi of Am-241 in lung): 2.08E+04 cpm/uCi of Am-241 in lung

Detector efficiency (percent): 0.53%
Chest-wall thickness (centimeters): 1.5 cm
Net lung counts: 750

Am-241 activity deposited in lung (uCi): 7 pCi
Mixture activity deposited in lung (uCi): 45 pCi
Mixture activity deposited in lung sdev (percent): 12%

LOS Am-241 in lung (nCi): 2.9 uCi
LOS mixture in lung (uCi): 17.8 pnCi

FGR-11 50-year CEDE-Mix (rem): 5.3E+01 rem
FGR-13 50-year CEDE-Mix (rem): 9.4E+00 rem
Acute lung dose equivalent-Mix (rem): 2.5E-01 rem

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

following file information will appear:

Subject 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 1.D. 22132

Calibration Date August 05, 2001
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Calibrated by John Doe
Check Source Activity (uCi) 5.900E+00
Check Source 17-keV Self 6.000E-01
Lung Counting Time (min) 1.000E+00
Plutonium mixture initial (time: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 (cpm/(pg/m’)) | 4.6E+01
60-keV Detector Efficiency 5.0E+02
(cpm/(uCi/m?2))

60-keV Detector Areal LOS (uCi/m’ 1.3E-01
60-keV Detector Point LOS (uCi) 2.6E-01
60-keV Detector Background Rate (cpm) 750.000
60-keV Detector Check Source Rate (cpm) | 36,085
60-keV Detector K-Factor (m”) 0.51

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

This module calculates the 95" percentile 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 sector numbering scheme is
shown in the following compass diagram.

Default percentile values are 50", 90™, 95® 99" and 99.5™ Users may select other percentile
values as needed (50" — 100™). HotSpot inputs a sequential file of up to 5 years of hourly
meteorological observations (wind speed, direction, stability classification), and either determines
the percentile data using an intermediary Joint Frequency Distribution (JFD) or directly calculates
the dose value for each hourly observation (EHO). The JFD methodology is much faster than the
“brute force” EHO methodology. The JFD uses 9 wind speed groups, and users can change the
wind group parameters.

Any of the HotSpot atmospheric dispersion models can be used for determination of the percentile
dose values. With the exception of wind speed, wind direction, and stability classification, all of the
selected scenario parameters will be used in the calculation. The wind speed, wind direction, and
stability will be input from the selected meteorological data file.

- Atmospheric Dispersion Models

 Plutanium Explosion  Plutonium Fire  Plutonium Resuspension
 Uranium Explosion " Uranium Fire  Tritium Release

" General Explosion " General Fire = General Resuspension
= General Plume
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To start the Percentile Dose Option, click on the “Site Met Data” button on the lower right of the
“Output” form.

Table Output Acute Dose Graph

Save Table Output

View Saved Table Output Files Ground Deposition Graph

- Acute Dose Contour File (.KML)

Acute Dose Contour Plot
Ground Deposition Contour Plot

("
HotSpot

= e ot |

A confirmation box will appear. Select “Yes” to continue to open the Percentile Dose Option

The Percentile Dose Option form will be displayed with the current wind group parameters and
percentile values. The currently selected meteorological file is displayed in the form header
(“ExampleSequentialData.inp”), along with the file location.
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File

— Total Effective Dose Percentile Values

Percentile-A
’7 | s0th —V]

90 th

Percentile-B Percentile-C
—‘L 95 th —”V| 99 th

Percentile-D Percentile-E
—”7 | 995 th W

HotSpot Default Walues

Create Percentile Table |

I~ “Write All sorted Frequency Data to Disc

[~ Calculate Individual hourly data (No wind grouping)

0.10

] 050
1.00
2.00
3.00
4.00
5.00
6.00

[ 800 |

SS§5585858

~Wind Speed Groups

Group 0':
Group 1:
Group 2 :
Group 3 :
Group 4 :
Group 5 :
Group 6 :
Group 7 :
Group 8 :

WO =
W1 =
W2 =
W3 =
Wi <
W5 =
W6 =
W7 <

=u==Wi1
u == W2
u==W3
u == Wi
u==W5
u==Wh
u==W7
u <= W8
u = W8

Accept | Display JFD |
Cancel | Change Wind Group

et Data Input Format

Change I

MACCS2 - wind FROM sector

[

When HotSpot is run for the first time, an example meteorological data file is automatically loaded.
The file is actual hourly meteorological data for the year 2000 at the U. S. Department of Energy’s

Savannah River Site (SRS). To use other met data files, place them in the HotSpot sub folder

“MetData.” Note: the current version of HotSpot only inputs hourly sequential data in the format of
the example file (maximum time period of 5 years). Future versions of HotSpot will incorporate

additional formats.
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Folders X | Mame + : : |
= < 4567 (C) ;I 7] ExampleSequentialData.inp

£ ATI
3 CamDir
I Config Msi

= ) Documents and Settings
= 5 username
B 15 Application Data
B ) HotSpotan
I FIDLER
I GFS
I3 Maps
) MetData
I3 Output
[ QC Data
=3 Scenario
I Userhdix -

The Windows 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 drive)\Users\"username’\AppData\Roaming\HotSpot30\MetData
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HotSpot Meteorological Input File Format

The meteorological data are in the following format:

Day, hour, wind sector (1-16), wind speed (tenths of 1 m/s), stability (1-7, A-G), rainfall (mm/hr).
One year of hourly data consist of 8,760 observations. For example, the last entry of the year is
interpreted as follows.

365 24 6 603 O

Day: 365 (columns 4, 5, 6)
Hour: 24 (columns 8, 9)

Wind sector: 6 (wind coming from ESE) (columns 11, 12)
Wind speed: 6.0 m/s (columns 13, 14, 15)
Stability: 3 (C) (column 16)

Rain: 0 mm/hr (columns 18, 19)

These data must be in the specific columns shown below. Note that there are no spaces separating
wind speed and stability classification. Refer to the actual sample file in the “MetData folder.

I® ExampleSequentialData.inp - Notepad
File Edit Format Wiew Help

Example MaaCs Metearological Input data File, WIMD FROW SECTOR
Adjusted for lom wind speed, unadjusted for stability, leap yea

1 il4
304
155
155
244
204
1E5
2eb
£3iG
282
152
g0
34E

Lo T e e e e e e e

1
1
1
1
1l
1
1
1
1
1
1
1
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HotSpot also accepts MACCS?2 files with the following format. Either format is automatically

handled.

I ExampleSequentialData.inp - Notepad
File Edit

2003

Stati

001
001
001
001
001
001
001
001
001
001

Farmat  Yiew

on

01
0z
03
04
05
0a
07
08
04
10

[ PRI oS I T« i &

[ S 6 T % T S % T P P

21

130136000
110186000
050136000
070186000
070226000
070136000
070226000
080226000
080226000
080225000

140133000
140095000
120095000
120096000
150096000
040096000
080045000

Help
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Note: Two wind direction options are supported by HotSpot, a MACCS2 format with the wind
direction from the specified sector and wind direction towards the specified sector. The desired
option is selected via a pull down menu that appears when the "Change" button, shown below, is
clicked. The MACCS2 code always assumes the wind is blowing towards the sector.

File: CADocuments and Se

File

 Total Effective Dose Percentile Values

" Percentile-A

50 th

Percentile-B Percentile-C Percentile-D Percentile-E
—V] 90 th —‘L 95 th W’] 99 th —Vr| 99.5h —‘

HotSpot Default Walues |

Create Percentile Table |

I™ Write Al sorted Frequency Data to Disc
™ Calculate Individual hourly data (Mo wind grouping)

SS53E58%E

=Wind Speed Groups

0.10
0.50
1.00
2.00
3.00
4.00
5.00
6.00
8.00

WO <=u == W1
Wi=< u<=W2
W2 < u=<=W3
W3< u<=Wi4
Wi < u<=W5
W5 < u<=Wb
WE < u<=W7
W7 < u==W3

u > Wi

Group 0 :

Accept | Display JFD |

Cancel
Defaults

C

Group 1:

Group 2 : Change Wind Group |

Group 3 :
Bl ormat

Change I
IMALCCS2—wrtfTd FROM sector

Group 4 :
Group 5 :

[ |

Group 6 :

Group 7 :
Group 8 :

The following two options appear. Note: If you are using MACCS2 compatible input files, the wind
direction is towards the specified sector. In this example, it is assumed the wind is coming from the
sector. Select the desired option and apply by clicking the ""Process Met Data File" button.

hdet Data Input Farmat

Process Met Data File |

MACCS2 - wind FROM sector

MACCS?Z - wind FROM sector
MACCS?Z - wind TOWARD sector

=

hlet Data Input Format

@eas bdet Data File
=

MACCS?2 - wind FROM sector

MACCS?Z - wind FROM sector

MACCS?Z - wind TOWARD sector
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The HotSpot Joint Frequency Distribution (JFD) for this specific meteorological data file can be

displayed by selecting the “Display JFD” button.

File: C:\Documents and Settingsialuzzi

File:

— Total Effective Dose Percentile Values

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

HotSpot Default Yalues | Create Percentile Table

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

=Wind Speed Groups
0.10 Group 0 : W0 <=u <= W1 Accept

300  Groupd:Wi< u<=W5
100  Group5:W5< u<=W6
500 @ Groupb:W6< u<=W7J
6.00 Group 7 : W7 < u<=W8
8.00 Group 8 : u > W8

SEE3FEEFEE

0.50 | Group1:W1< u<=W2
Cance]

1.00 Group 2 : W2 < u<=W3 |

200 | Group3:W3=< u<=Wi Defaulis

Display JFD |

olp

Change I

Iiet Data Input Format
’7MACCS2 - wind FROM sector

[ |

The 8,760 observations are displayed into the 9 wind speed groups (groups 0-8), 7 stability classes

(A-G) for each of the 16 compass sectors (1-16). Each of the 1,008 table values represents the
percentage of the total observations in the specified wind speed group, stability class and wind
direction sector. For example, the high-lighted value below 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 are coming from the 22.5 degree sector centered on

the East (sector 5).
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HotSpot JFD Format
Version 3.0

HotSpot
Dec 17,

Met File:C:\Documents and Settings\homannl\Application Data\HotSpot30\MetData\ExampleSequentialData.inp

2012 02:09 PM

General Plume

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 < wu <= 1.00 1.03 %
Group 2: 1.00 < wu <= 2.00 15.58 %
Group 3: 2.00 < wu <= 3.00 35.63 %
Group 4: 3.00 < wu <= 4.00 28.65 %
Group 5: 4.00 < wu <= 5.00 12.19 %
Group 6: 5.00 <= u <= 6.00 4.36 %
Group 7: 6.00 < wu <= 8.00 2.03 %
Group 8 u > 8.00 0.26 %

Total Sum: 100.00 %

Compass Direction the Wind is coming FROM Row

G SC N NNE NE ENE E ESE SE SSE S Ssw SwW 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 0.057 %
0B 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.023 %
0Cc 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 0.103 %
0D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.057 0.023 0.000 0.000 0.000 0.000 0.000 0.080 %
0E 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 %
0F 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 0.000 %
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 0.263 %
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¢c 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 0.057 %
1D 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.011 0.011 0.011 0.057 %
1 E 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 0.023 %
1 F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 %
1 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 0.046 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 1.027 %
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 7.911 %
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 1.324 %
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 %
2 E 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 2.979 %
2 F 0.034 0.034 0.068 0.068 0.034 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 0.148 %
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 %
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 9.897 %
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 %
3 C 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 5.183 %
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 7.842 %
3 F 0.160 0.183 0.126 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 0.034 %
Col
Sum 2.774 2.763 3.105 2.934 2.352 2.386 1.530 1.119 1.678 2.603 2.865 2.511 1.781 1.678 1.632 1.804 35.51 %
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 5.445 %
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 6.199 %
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 3.174 %
4 F 0.011 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 0.000 %
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 1.872 %
5B 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 4.087 %
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 2.820 %
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 0.537 %
5 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 %
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 0.000 %
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 12.19 %
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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 1.461 %
6 C 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 %
6 D 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 0.228 %
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 0.000 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 0.000 %
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 0.091 0.183 4.361 %
7A 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 0.799 %
7C 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 0.068 %
7E 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 %
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 0.000 %
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 0.000 0.000 0.000 0.000 %
Col

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 0.000 0.000 0.000 0.000 0.011 %
8 B 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 0.171 %
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 %
8 D 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 0.011 %
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 0.000 %
8 G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 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 default HotSpot methodology first converts the hourly annual meteorological data (8,760
hourly observations), into a JED and then uses the JFD to calculated the sorted cumulative
frequency distribution and percentile values. To 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 number
seed is used so repeated analyses produce identical results.

Since the JFD methodology uses 9 wind speed groups, 16 wind directions, and 7 stability
classifications (A-G), the 8,760 observations are reduced to 1,008 grouped observations. This
reduces the number of dose calculations and sorting time required for generating the cumulative
frequency distribution and percentile dose data. The computer time saving is especially apparent if
5 years of hourly data are analyzed (43,800 observations). A comparison of the JFD and EHO
methodologies is shown below for a radial distance of 1.0 km. If the JFD methodology is used, the
output includes the wind speed groups and percentage values. Since the EHO methodology uses
each actual observation, the wind speed group data are irrelevant. In this example, the JFD
percentile values are all within 10 % of the EHO values. The JFD methodology can be used for
initial scoping of a release scenario followed by the more accurate EHO methodology. A ground-
level plutonium-239 release was setup 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 the 1 km (D 5), is checked in the main HotSpot “Receptor”
form. Consequently only this distance will be used in this example calculation. All twenty distances
can be selected.
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If you would like individual tables of the sorted Total Effective Dose (TED), data for all sectors and
radial distances, check the “Write All sorted Frequency Data to Disc” check box prior to clicking
the “Create Percentile Table.”

File
— Total Effective Dose Percentile Values

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

HotSpot Default Walues | Create Percentile Table |
I~ Write All sorted Frequency Data to Disc
I Calclf o wind grouping)
~Wind Speed Groups
WO ; 0.10 Group 0 : WO <=u <= W1 Accept | Display JFD |
W1 : 0.50 Group 1: W1< u<=W2 B |
Cance .
w2: [ 100 | Group2:W2< u<=W3 ——— Change Wind Group |
. G 3: W3 = W4 Defaulis
e 20 GTDUP 4 Wi | W5 Met Data Input Format
wi: | 3.00 roup 4 : < u=<=
Ch
ws: | 400  Group5:Wh< u=<=Wb ange I :
W6 : 5.00 Group 6 : W6 < u<=W7 MACCS2 - wind FROM sector d
W7 6.00 Group 7 : W7 < u<=W38
wg: | 8.0 Group 8 : u > W8
= ¥ Computer
= s 45E7 ()
= ATI
) CamDir
) Config.hMsi

= 1) Documents and Settings
= I[3) usermame
= 12 Application Data
= 2 HotSpot3o
I FIDLER
) GPS
) Maps
I MetData
) Dutput
) QC Data
I Scenario
I Userkdix
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All of'the files are stored in the “Output” folder as shown above in Windows XP or earlier systems.
For later systems (Windows Vista, 7, etc), the HotSpot30 Output folder will be located as follows:

C:\ (or appropriate drive)\Users\ username”\AppData\Roaming\HotSpot30\Output

When HotSpot completes the percentile calculations, the following table is displayed. The table
includes a summary of the release scenario and wind speed groups and percentage of total
observations within each group. The Total Effective Dose (TED) values for each of the 5
percentiles are displayed for each of the individual wind direction sectors (direction dependent
values) and all sectors (direction independent). In this table, Compass Direction is the Direction the
Wind/Plume is moving towards. For example, the 95" percentile TED for the 22.5 degree wind
direction sector towards the North (sector 1), is 2.17 rem. In other words, the TED in sector 1 at a
radial downwind distance of 1 km would exceed 2.17 rem in only 5% of the hourly meteorological
observations. The 95" percentile TED for all sectors (full 360 degree direction independent value)
is 4.14 rem. Therefore, the TED in any compass direction at a radial downwind distance of 1 km,
would exceed 4.14 rem in only 5% of the hourly meteorological observations.
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JFD Methodology

HotSpot Version 3.0

Dec 1

7,

Source Material
Material-at-Risk
Damage Ratio
Leakpath Factor
Airborne Fraction

Respirable Fraction
Respirable Release Fraction:
Wind Speed Ref. Height

2012 02:13 pPM
Met File:C:\Documents and Settings\user\Application Data\HotSpot30\MetData\ExampleSequentialData.inp
Meteorological Input file processed as MACCS2

Respirable Dep. Vel.

Non-respirable Dep. Vel.

Receptor Height

Inversion Layer Height

Sample Time
Breathing Rate

General Plume

Pu-239
.0000E+00 Ci

S e

.000
.000
.000
.000
.000
.0m

M 24065y

.00 cm/s
.00 cm/s

.0m

None

10.000 min

3.33E-04 m3/sec

- wind FROM sector

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

Wind Speed Groups

Group
Group
Group
Group
Group
Group
Group
Group
Group

0:

1
2
3:
4:
5 .
6
7
8

0.

oUW N O

10 <= u

o

<=

W oUW N PO

Total Sum:

Group

Frequency
.26 %

NO Wk oo U1 O
W oo Ul W ®W
A0 90 df o° o° o° AP o of

100. %

o
o
o0

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

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

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 SwW 8.88E-01 3.24E+00 3.31E+00 6.20E+00 6.26E+00
12 WSW 4.43E-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 5.29E-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

5-43



HotSpot User’s Guide 5. Special Purpose Programs

To calculate the percentile table using each hourly observation (EHO), check the “Calculate
Individual hourly data (No wind grouping)” check box.

File
— Total Effective Dose Percentile Values

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

6.00 Group 7 : WP < u<=W8
8.00 Group 8 : u > W8

HotSpot Default Values | Create Percentile Table |
™ Wirite All g Disc
Calculate Individual hourly data (Mo wind grouping
~Wind Speed Groups
WO : 0.10 Group 0 : W0 <=u <= W1 Accept | Display JFD |
W1 : 0.50 Group 1:W1< u<=W2 B |
SANCE .

W2 : 1.00 Group 2 : W2 < u==W3 [ | Change Wind Group |

. G 3:W3< u<=Wi4 Defaulis |
YRR 200 Grﬂup 4 W4 ! W5 et Data Input Format

: roup 4 : < u=<=
wi: | 3.00 p Change
W5 - 1.00 Group 5 : W5 <= u<=W6 I i
W6: [ 5.00  Group6:W6< u<=W7i MACCS2 - wind FROM sector =]
W7 -
W8 :

The EHO process requires more time, and after HotSpot completes the calculations, the following
table is displayed. When using the HotSpot default wind speed groupings, the JFD results are all
within 10% of the EHO values. The JFD methodology can be used for initial scoping of a release
scenario followed by the more accurate EHO methodology.
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EHO Methodology

HotSpot Version 3.0 General Plume

Dec 17, 2012 02:22 PM

Met File:C:\Documents and Settings\homannl\Application Data\HotSpot20\MetData\ExampleSequentialData.inp

Meteorological Input file processed as MACCS2 - wind FROM sector

Source Material
Material-at-Risk
Damage Ratio
Leakpath Factor
Airborne Fraction
Respirable Fraction

Respirable Release Fraction:

Wind Speed Ref. Height
Respirable Dep. Vel.
Non-respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

FGR-13 Dose Conversion Data

Pu-239 M 24065y
1.0000E+00 Ci
1.000

1.000

1.000

1.000

1.000

2.0 m

1.00 cm/s

8.00 cm/s

0.0 m

None

10.000 min
3.33E-04 m3/sec

- Total Effective Dose (TED)

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

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

Compass Compass 50.0 90.0 95.0 99.0 99.5
Sector Direction (rem) (rem) (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 SwW 8.41E-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 2.57E+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+00
1-16 ALL 6.28E-01 3.59E+00 4.02E+00 6.36E+00 6.37E+00
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The following figure compares the cumulative frequency distribution for the 1,008 JFD grouped
observations with the 8,760 EHO observations. Note, the data for these charts are from the tables
created if the “Write All sorted Frequency Data to Disc” check box is checked prior to clicking the
“Create Percentile Table” button. If copying into Microsoft Excel to display the data, you will need
to remove the text lines from the table values. These lines appear whenever the cumulative dose
values increase to the next order of magnitude e.g., 1.0E-03 rem to 1.0E-02 rem.

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

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Cumulative Frequency (%)

0 1 2 3 4 5 6 7
Total Effective Dose (rem)
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Example — Comparison of MACCS2 and HotSpot
A comparison of MACCS2 Version 1.13.1 and HotSpot Version 2.07 was made using a ground-
level release of plutonium-239. The 50™ and 95™ percentile dose values for dry deposition velocities

of 0 cm/sec and 1 cm/sec were calculated. The agreement between the two models was very good.

HotSpot Version 2.07 General Plume

Source Material :Pu-239 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 Fraction : 1.000
Wind Speed Ref. Height :2.0m

Effective Release Height :0.00 m

Respirable Dep. Vel. 0.0 cm/s and 1.0 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)

Note: Some dispersion models do not adjust the wind speed for release heights below a specific
reference height. MACCS2 assumes the wind speed is equal to the 10-meter reference height value
for release heights below 10 meters. Since the >*’Pu release scenario assumes a ground-level release
(release height = 0 m), HotSpot will adjust the 10-meter wind speed data to a height of 2 meters
(Wind speed at 2 meters is considered “ground level” in HotSpot). To compare the two codes
(using the same wind speed values in the Gaussian equation) the HotSpot wind speed height
correction must be turned off. To use the wind speed data without height correction, the “Wind Ref
Height” 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
Distances (km) TED (rem) TED (rem) Ezt;)/(l)t)a
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
1.4 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 1.5
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
1.0E402 Deposition Velocity = 0 cm/s
1.0E+01 A
E MACCS2
TED (rem) T B HotSpot 2.07
1.0E+00 - M ~
1.0E-01 7
1.0E-02
NP R NP AE AP VbR @R g2 R bR

Distance (km)
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1 Ci Pu-239 Unfiltered Release
95th percentile TEDs
Deposition Velocity = 0 cm/s

Distances (km)

0.1
0.35
0.6
0.8
1
1.2
1.4
1.6
1.8
2
2.2
24
2.6
2.8
3
3.8
4
4.2
4.8
5

TED (rem)
MACCS2

6.29E+02

5.88E+01

2.11E+01

1.36E+01

8.57E+00

6.19E+00

4.63E+00

4.03E+00

3.19E+00

2.68E+00

2.38E+00

2.11E+00

1.81E+00

1.69E+00

1.62E+00

1.06E+00

9.71E-01

9.17E-01

8.08E-01

7.62E-01

TED (rem)
HotSpot 2.07

6.29E+02
5.58E+01
2.05E+01
1.22E+01
8.29E+00
6.07E+00
4.70E+00
3.78E+00
3.14E+00
2.66E+00
2.30E+00
2.02E+00
1.80E+00
1.61E+00
1.46E+00
1.06E+00
9.89E-01

9.28E-01

7.83E-01

7.44E-01

HotSpot

Delta
(%)

0.0
-5.1
-2.8
-10.3
-3.3
-1.9
1.5
-6.2
-1.6
-0.7
-3.4
-4.3
-0.6
-4.7
-9.9
0.0
1.9
1.2
-3.1
-2.4

1.0E+03

1.0E+02 -

TED (rem)

1.0E+01 -

1.0E+00 -

1.0E-01

95 th Percentile TED

Deposition Velocity = 0 cm/s

O MACCS2
M HotSpot 2.07

|

:
N8 D

Distance (km)

WP a® P a2 X ® o
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1 Ci Pu-239 Unfiltered Release
50th percentile TEDs
Deposition Velocity =1 cm/s
EHO
Distances (km) TED (rem) TED (rem) Ei(:,/(l)t)a
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 =71

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

1.0E+01

EOMACCS2

TED (rem) - Bl HotSpot 2.07
1.0E+00 - M

1.0E-01 1

1.0E-02

O RS R N I I RS L I

Distance (km)
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1 Ci Pu-239 Unfiltered Release
95t_h_ percentil_e TEDs HotSpot
Deposition Velocity =1 cm/s
EHO
Distances (km) TED (rem) TED (rem) Ei(;)/(l)t)a
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
14 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
S 2.66E-01 2.39E-01 -10
95 th Percentile TED
1.0E+03 Deposition Velocity =1 cm/s
1.0E+02
1 EMACCS2
TED (rem) _ B HotSpot 2.07

1.0E+01

1.0E+00

1.0E-01 -+
PP @@ N AV AT O AP Yk P PP PR VR o

Distance (km)
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HotSpot Mapping

Overview

HotSpot’s Map window, shown below, combines a mapping/GPS capability with detection
instrument simulation to assist in exercise planning or play. The available features in the Map
window can be categorized as either Exercise or non-Exercise mode, which becomes apparent by
toggling on the window’s “Exercise Mode” under the GPS menu. The available menu options will
change depending on whether Exercise Mode is enabled. The main capabilities in both within the
Map window are listed below.

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

Exercise Mode Capabilities
e Virtual instruments to simulate the detection of radiation
e The ability to “bend” a plume
e Import of a NARAC 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 Settingstaluzzil Ap=
File GPS Plumes Measurements
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Basic Features/Non Exercise Mode

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 you are able 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 but any image in Microsoft’s bitmap format (*.bmp) can
be used. Since map window images must be associated with a geographical location (be “geo-
registered”), an imported image must go through a one-time geo-registration process. If HotSpot
has already registered a selected map, it will immediately open it.

To import a non geo-registered image, select the File—Open Map option. The geo-registration
form will automatically open and prompt you as follows for each of your three locations:

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

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

13 Click the “Select Location 17
button to identify a point for which
wvou know thelatitude and
longitude.

X o Salect Location 1 |
- Cancel |
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g "
:-i 2) Click OK to this prompt and then
| usethe mouse toleft click on a

1 reference point.

tration

lionsye cursor over Location 1. and click the mouse.

Coordinate Input

~Release Location
T Laditude Selection
~Degrees —— [ Fraction
e S 3 3 s |
 Longitude Selectian
~Degress [ Fracion |
oz I 0 0 0 5 |

4) A coordinate entrv form will appear
o | (shown above). Enter vour 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 coordinates is in degrees-minutes-seconds, 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 -
minutes-seconds value of 35° 42” 30”. Coordinates in degrees-minutes-seconds (dd’° mm’ ss”) can
be converted to decimal degree format (dd.xxxxx) as follows:
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dd + (mm + ss/60)/60) = dd.xxxxx (35° 42> 30” =35 + (42 + 30/60)/60 = 35.70833

When you successfully complete the geo-registration process, the Map window will respond to any
mouse movements and display the corresponding coordinates of the cursor in the window’s title
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 geo-registered again by selecting the File menu’s
“Georegister a map” option. The dimensions of the available image area are width of 793 pixels
and a height of 600 pixels. Therefore any image with smaller dimensions will not fill the entire
window and leave a blank area either 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 the Plumes menu, “Display Dose Contours (Deposition) On Map”, will display
your scenario’s contours on the map so long as your release location falls within the coordinates of
the background image. The specification of your release location, which is done in Output tab of the
main form, is not tied to any specific map. If selecting one of these display options does not result
in displayed contours, it may be the case that your release location is outside the map window. The
best way of verifying this would be to compare the listed release location output on the bottom of
your Map window with various points 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 location using the “Default Source Location” checkbox in the Output
section. Involves exiting the Map window.

e Select the Re-position release point option 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 geo-registering a new map, HotSpot will remember 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 on the Map window’s Exercise Mode, select the “Exercise Mode” option under the GPS
menu. This will change the menu options by adding a Measurements menu providing various
detection instrument options. The Measurements menu options are shown below.

File GPS Plumes | Measurements

N | -'.-SUNEWIHBWW"EN? » Select Instrument
Soil'Samples r Edit Instrurnent
Contamination Add Mew [nstrument
Air Samples L 10 {iie

Adrcraft Survey Instruments

Load Detault Instrumentation

Instruments are available for direct, air, and soil measurements. HotSpot comes with a default set
of instruments for each of these types. The Contamination option provides contamination levels
on vehicles, clothing, respirators, and shoes. All the instrument 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 measuring 450 cpm based in the current scenario.

File GPS Plumes Measurements Display Instrument
- W g =3 AL
(R

Lat: 35.00206 deg {N) Long: -106.42868 d
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 below.

5-57



HotSpot User’s Guide 5. Special Purpose Programs

File GFS Flumes Measurements

N T, 2)

—Mame
| FIDLER 60-keV Window [Cs-137]

—Calibration Radionuclide —‘

[Cs-137]
—LUnits
| cpm
—Efficiency
B | 4.300E+02 cpmper uCi/m2
. —Background

| 7.500E+02 cpm

—Maximum Output
| 1.000E+06 cpm

¥ Integrating Instrument

"Units for Integration mode

The required fields being:

e Name — For documentation purposes only.

e (Calibration Nuclide — For documentation purposes only.

e Units — Any user defined entry.

e Efficiency — Ratio of entered units over uCi/m2

e Background — Background values as read by the instrument.

e Maximum Output — A ceiling value on displayed readings.

o Integrating Instrument — Toggles on ability to integrate readings over a period of time.

Any selected instrument will automatically display readings based on the simulation of natural
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 a semi-realistic variability in an instrument’s
readings. For any measurement type, an instrument dithering factor is defined resulting in detection
variability across the entire range of that instrument. Two other dithering factors, that can be more
dominant than the instrument’s background dithering factor, reflect atmospheric conditions and
inherent instrument accuracy. For direct and soil sample measurements, dithering factors are used
to replicate variability from both natural background and instrument “noise” (electronic, etc.). For
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air sampling instrumentation, the 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 20% (approximately) of the possible range of the instrument with the center of this range
defined by the following formula:

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

The “Integrating Instrument” option at the bottom of the above specification form tells HotSpot that
the instrument is capable of integrating measurements over a period of time. When this option is
selected, a corresponding option frame will appear in that instrument’s readout form as displayed
below with the “Scaler” and “Rate Meter” selections. The default “Rate Meter” option corresponds
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

Selecting the “Scaler” option, will alter the instrument display to provide a time field over which
HotSpot will integrate the instrument readings. The Scaler options are displayed below:

File: Plumes  Measurements  Display Instrument

Lat - 3500202 deg (N) Long: -106 42509 deg (W) -106 42509 deg (W)
File B
- FIDLER 60-keV Window [Cs-137]

’ 0 Counts

Elapsed Time : 0:00

‘ = Scaler " Rate Meter Mark Location I -

minute

minutes
minutes
minutes
minutes
minutes
minutes
3 _minutes
[
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Clicking on the Mark Location button will tell HotSpot to interpret the next mouse click on the 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 from multiple
instruments. After selecting the Measurements — Survey Instruments menu option,

File GPS  Flumes keasurements

B Pl R e s N T AR 8
L e R
Select Instrumentation

Display kode Options
& bultiple Cutput
 Nirual Instrument ¥ Display Ground Truth

toggling on the “Multiple Output” checkbox will bring up the multi-field instrument display:

File
— Ground Truth Ground Truth Ground Truth
| 1.85E+00 uCilm2 ﬂ 6.84E+01 kBg/m2 “ 4.11E+04 dpm/100 cm2
~FIDLER: BllHket Wind ow [WiG-Pu) ~1SE10 Channel 2 (B0 ke [ G-Pul
1,500 cpm 17 cls
~FIDLER: 17-ke' Wincow [WG-Fu] ~1SB10 Channel 1 (x ray) [WGE-Fu]
1,400 cpm 9 cl/s
~ Mk 3 NME Channel 1 feray probe) [#/G-Pu] - VIOLINIST B0-ke' Window [#w5G-Fu]
9cls 27 cps
ik 3 NMPE Channel 2 (1320C Alpha probe) [WG-Pu] ~WIOLINIST 17-ke' Window [WGE-Pu]
33 cls 25 uCi/m2
—Solid State Alnha Monitar (S54M) [AG-Pu] ~AN-FPDF: B0 Alpha [WE-Pu]

91 c/s 4,200 cpm

Measurements from 10 virtual instruments will be shown simultaneously. HotSpot has a default set
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 particular instrument. 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 Truth at the current cursor location in
three different units (uCi/m2, kBq/m2, and dpm/100cm?2).
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In Exercise Mode, an option to import a NARAC deposition pattern as ground truth is available
under the File menu. A HotSpot compatible NARAC file is a formatted textual 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 the File—Import NARAC Plume option. After importing a
NARAC file, it can then be displayed by selecting the Plumes— Display Deposition Contours on
Map option. HotSpot will use the same contour levels specified in the Setup tab to display the
NARAC deposition.

The process of importing a NARAC file does two things. First, HotSpot will interpret the NARAC
generated pattern as ground truth and display only applicable instrument readings. 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 of the Measurements menu.

File GPS Plumes heasurements | NARAC generated 12 hrs Deposition

PN T
g

Data Generation
Ground Deposition Truth EXCEL File

A

Under this new menu, select the Data 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 longitude
coordinates. Entering coordinate values requires that the Calculate button be clicked in order to
display the deposition values.
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-
5.37E-01

The three measurement types are listed on the lower left side of the form. Toggling any of these
will bring up an instrument readout form appropriate to that measurement type. For example,
selecting Direct Instruments will bring up the multi-instrument display form described earlier.

When the “Direct Instruments” option is selected, you also have the option of saving concentration
values at your specified points. A temporary text file, similar to the one shown here,
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I HotSpot Table O

File Edit Format “iew Help

-0l x|

HotSpot Ground Survey Information
27 Feb, 2013 10:32

sample Location
British National Grid : TG 00000 Q0000
Latitude / Longitude : 35.08B095 N 106.43705 W
Ground Truth :
2.27E+00 uci/m2
8.40E+01 kBqg/m2
5.04E+04 dpm/100 cm?2
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) [wWG-Pul: B 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) [wWG-Pu]: 15 c/s
15610 Channel 1 (x ray) [wG-Pul: 12 c/s
VIOLINIST 60-kev window [wWG—Pu]: 27 cps

VIOLINIST 17-kev window [wWG-Pul]: 27 ucCi/m2

AN-PDR 60 Alpha [wG-Pu]: 5,400 cpm -
4| | b
4

| Ln1.Col
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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 earlier).

C:\Documents and Settings\”username”\Application Data\HotSpot30\Output\”Direct Instruments
mmm-dd-yyyy.txt

For Windows 7 or Vista users, the instrument output folder would be
C:\Users\”username”\AppData\Roaming\HotSpot30\Output\”Direct Instruments mmm-dd-yyyy.txt
In both cases, the file name format, mmm-dd-yyyy, corresponds to the date the file is being written.

This same textual output is available within the air filter and smears readouts by clicking the “Text
File or Results” button in the lower right corner of their respective 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. The sample 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 of the NARAC
deposition pattern can be made through the PlumeDeltaEastingMeters and
PlumeDeltaNorthingMeters 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 meters South due to the following
values:

PlumeDeltaEastingMeters = 500
PlumeDeltaNorthingMeters = -200
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Lat: 3500246 deqg (N) Long: -106.42762 deg (W) CADocuments and Si
File GPS

Flumes Measurements

= d

Bl asciiHotspot270m.conc - WordPad o] x|

File Edit “iew Insert Format Help
IEDurierNew LIIH LIIWestern LI B|/|g|@||§§|§| =
R IR RN R RN RN BN NN RN TN

NaRAC® generated 12 hrs Deposition il
¥1vlTatitude = 34.5607459
¥1vlLongitude = -104. 955228
¥1v140Tatitude = 35.439159
¥1v140TLongitude = -106. 5975756
¥140v¥140Latitude = 35.451770
¥140¥140Longitude = -105. 59268686
¥140v1Tatitude = 34.5725987
¥140¥v1Tongitude = -105.517048
FlumeDeltaEastingMeters = 500
PlumeDeltalNorthingMeters = -200
MapDeltaEastingMeters = 0
MapDeltaNorthingMeters = 0
GpsheltaEastingMeters = 0O
GpsheltalNorthingMeters = O
140 140
3EZ0643. 5760 2Z26344.,0%200 331360.1867 335774.03%0 3:
243075,.5564 246032, 8336 2483725,0500 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—HotSpot 1.0 Hewlett Packard HP-41CX system.
1990—1994 HotSpot 2.0-HotSpot 7.0 (IBM PC or compatible).

1995—HotSpot 8.0 (Urban diffusion coefficients, wet deposition, user’s custom library,
50-nuclide mixture, GIS interface) Borland Turbo Pascal 7.0; HotSpot 8.02: Corrected
Pentium II incompatibility with Borland Turbo Pascal.

1999—HotSpot 98 Version 1.04: Full 32-bit Windows 95/98/NT application; Microsoft
Visual Basic 6.0 Professional; HotSpot 8.03 (DOS Version) Borland Turbo Pascal 7.0.

2000—HotSpot 98 Version 1.06: Full 32 bit Windows 95/98/00/NT application;
Microsoft Visual Basic 6.0 Professional; New Module: Radionuclides in 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). Standard onboard library
radionuclides were not affected; Added plutonium and uranium criticality mixtures.

2002—HotSpot 2.0: Full 32 bit Windows 95/98/00/XP/NT application; Microsoft Visual
Basic 6.0 Professional; New Module: FIDLER 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, and 24-hour Acute Dose Conversion Factors);
Default receptor height changed from 0 meter to 1.5 meters; Addition of buoyant and
momentum plume rise for stacks; Default respirable deposition velocity changed to

0.3 cm/sec for non noble gas radionuclides; Non-respirable deposition velocity remains at
8 cm/sec, but is now a variable in HotSpot Setup; HotSpot QC Check; Table output
option to include the Committed Equivalent Dose for 23 individual organs (options for all
organs or organs exceeding 50 rem (0.5 Sv).

2003—HotSpot 2.05: Full 32-bit Windows 95/98/00/XP/NT application; Microsoft
Visual Basic 6.0 Professional; Explosive Release models (Plutonium 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 psi) and onset of lethality. In addition (25 psi) the International
Association of Bomb Technicians and Investigators (IABTI) safe distance is output. (See
Explosion); Revised Fuel Fire model. Two upwind virtual-term point sources are used to
model the initial distribution of material in the vertical and horizontal dimensions. The
virtual-term point sources are positioned at an upwind distance resulting in a Sigma-y and
Sigma-z, above the origin, equal to 50% of the input pool radius. In previous versions,
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the largest of either 50% of the pool radius or 60% of the effective plume height was
used. The 60% criterion is no longer used.

2005—HotSpot 2.06: Full 32-bit Windows 95/98/00/XP/NT application; Microsoft
Visual Basic 6.0 Professional.

Table output for the nuclear explosion model now includes an optional nuclear explosion
event summary. All dose data are midline tissue doses—the 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).
Previous versions of HotSpot assumed 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. The HotSpot output 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 reflect the cloud submersion component. TEDE is the
Total Effective Dose Equivalent, TEDE = CEDE (inhalation) + EDE (submersion)

If the "include 4-days of Ground Shine" check box is checked (Setup Page), the EDE
from 4-days of ground shine will be included in the TEDE value, TEDE = CEDE
(inhalation) + EDE (submersion) + EDE (ground shine)

Lung Screening module: Updated with improved lung phantom data

Regional and Language Options: Previous versions of HotSpot required the Regional and
Language Options to be set to English (United States).

HotSpot 2.06 now operates regardless of the computer’s Regional and Language Option
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.

2009—HotSpot 2.07: Full 32-bit Windows 95/98/00/XP/NT/Vista application; Microsoft
Visual Basic 6.0 Professional.

Using new ORNL dose conversion factor data base: DCFPAK 1.6:
— ICRP26 or ICRP60 tissue weighting factors

FGR11/ICRP30 or FGR13/ICRP66 biokinetic models

30-day acute committed inhalation dose

External air immersion or ground exposure (FGR12)

Weathering correction factors for nuclear fallout and deposition of radionuclides.
Two options:
*  WASH 1400 (NUREG-75/014),
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» Likhtarev (Health Physics, March 2002, Vol. 82) — newer, default
option

Resuspension options:
— WASH-1400 (NUREG-75/014)
— NCRP Report 129 (Used by FRMAC) — newer, default option

Resuspension included with General model TEDE calculations
— Plume passage
* Submersion
* Inhalation
— Ground shine + weathering
— Resuspension

HotSpot plume files can be displayed on Google Earth global maps
HotSpot plume files (KML) automatically invoke Google Earth and zoom to the
user-input Lat/Long and display select contours
Contour options include
— General and Explosive release models
* Dose
» Deposition
— Nuclear explosion
» Fallout dose and dose rate
*  Prompt nuclear effects
— Blast
— Thermal
— Jonizing

Explosion model has improved deposition and ground shine estimates in proximity
(within a few 100 m) of the detonation point

» Users can customize cloud parameters
— Vertical source distribution
— Scale cloud height calculated using Church formula

Expanded source term description
Controllable parameters:
— Material at Risk (MAR)
— Damage Ratio (DR)
— Leakpath Factor (LP)
— Airborne Fraction (AF)
— 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 data (in MACCS2 code format) (1-5 years):
— Date/Time
— Wind speed
— Wind direction
— Stability Class (A-G)

Output options:

— 50™ 90™ 95™ 99™ and 99.5" default percentile dose values for up to 20
locations within each of the 16 compass sectors. Users can also input other
percentile values.

— Direction dependent percentile values (sectors 1-16)

— Direction independent percentile values (all sectors 1-16).

— Joint Frequency Distribution (JFD)

— Cumulative Frequency Distribution for each location within each sector
and sum of sectors 1-16.

Avoidance Dose (Resuspension and/or Ground Shine) calculated using:
— Exposure Start Time
— 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 dose rate (rem/hr or Sv/hr) was also
output. Starting with Version 2.07 both resuspension 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 user. When you first run HotSpot, the time period is
from initial release plus 4 days (Start of Exposure = 0 days, Exposure Duration = 4.0
days), and the Include Ground Shine and Include Resuspension options are not
checked. This results in calculated TEDE values identical with previous versions of
HotSpot (TEDE due to plume passage only). If the Start of Exposure is any value greater
than zero, the plume passage component (inhalation and submersion) is not included in
the output TEDE values. For example, if the Start of Exposure is set to 0.1 days (Or 0.1
hours, etc.) the plume-passage component of the TEDE will not be included. If the
Include Ground Shine and Include Resuspension options are not checked, the output
TEDE values will all be zero since plume passage is not included. If the Include Ground
Shine and Include Resuspension options are checked, both ground shine and
resuspension are included. If the Start of Exposure is set to 1 year and the Exposure
Duration set to 1 year, the resuspension and ground shine TEDE from year 1 to year 2
will be output.
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March 2010—HotSpot 2.07.1: Full 32-bit Windows 95/98/00/XP/NT; Microsoft Visual
Basic 6.0 Professional.

Dose conversion factor database was updated to DCFPAK 2.2, , Eckerman et a/
(2010).

Additional test cases were developed for pre-release testing for more software
components and databases, and for a range key input parameters, as described
below:

e Scenario Library Validation — each dispersion model is exercised with the
TEDE, integrated air concentration and deposition values calculated at three
downwind distances.

e Explosive Release Validation — this 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.

e Fuel Fire Release Validation — 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 Validation — all ORNL DCFPAK 2.2 values 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 out-of-range values so the appropriate error handling can
be verified.

e Sigma-y and Sigma-z Validation — 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 as a 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 all
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 of incorrect inputs from the GUI that has been performed on
HotSpot 2.0.1 and will be performed as part of acceptance testing for HotSpot
releases.
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September 2011—HotSpot 2.07.2: Full 32-bit Windows
95/98/00/XP/NT/Vista/Windows 7 application; Microsoft Visual Basic 6.0 Professional.

e Full Vista and Windows 7 compatibility. Default installation directory
supports text file output.

e Corrections to HotSpot Help displays

e New Automatic Batch Mode. HotSpot can be run in a “background”
mode that produces Table output and Google Earth . KML files without
displaying the HotSpot graphical user interface. When this mode is
enabled HotSpot can be launched at the command prompt or a batch
file. These files are placed in the HotSpot “Output” folder.

e New Explosive Release ballistic particle option. This option models
particles with aerodynamic diameters greater than 100 micrometers.

e Supports MACCS2 meteorological file input in both wind-from and
wind-towards format. These Site-specific meteorological data are input
into HotSpot for calculation of percentile dose values. The input file
format for sequential 1-5 years of hourly data (in MACCS2 code
format) includes the following information:

o Date/Time

o Wind speed

o Wind direction (wind-from or wind-towards options)
o Stability Class (A-G)

e New Maxwell and Anspaugh (2010) resuspension factors

—Resuspension Factor ( RF [ 1/meter])

= Maxwell and Anspaugh- 2010 RF = 1E-05 exp(-0.07 t) + 7E-09 exp(-0.002 1) + 1E-DB‘®

¢ NCRP Report Mo, 128 RF (0-1) day = 1E-08; RF (1 to 1,000 days) = 1E-06 /1 ; RF(t > 1000 days) = 1E-09; ti

 YWASH 1400 (NUREG-75/014) RF = 1E-05 exp(-0.677 t) + 1E09 : tin years
¢ Constant RF = I 1.00E05 {1/ meter)

e Recent explosive cloud rise experiments have 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 HotSpot has the option to use the new cloud height
methodology. The new cloud rise formulas are most appropriate for
detonations of about 100 pounds or less. Therefore, the Church
formula is still used above 100 pounds, even when the new option is
selected.
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March 2013—HotSpot 3.0 : Full 32-bit Windows 95/98/00/XP/NT/Vista/Windows 7
application; Microsoft Visual Studio 2008 Standard Edition.

e Complete rewrite of code to make it compatible with Microsoft's NET
Framework. From a user's perspective, only minor interface changes will be
noticeable.

e New capability: Surface Roughness entry in the Setup/Terrain section. User can
enter a surface roughness value to modify the calculated concentrations. Only
applicable when Standard terrain is selected.

e Accessibility of Explosive Release - Ballistic Particle option. This option
(implemented in version 2.07.2) is now available through the user interface.
Ballistic interface available with explosive release scenarios having airborne
fractions less than one (ARF < 1) through the Main HotSpot “Setup” Form -
"Change/View ARF Distribution" option.

o Digital Signature applied to both the 3.0 installer and program assuring the
Windows environment that HotSpot comes from a trusted source. In Windows 7,
not having a digital signature caused a warning box to come up whenever
HotSpot is run.

e New Green Field Explosive Release cloud rise calculation option using Green
Field experiment results, implemented in version 2.07.2, is on by default.

o 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
conservative default solubility classification recommended by DOE for a
particular nuclide. Another fix was done on the international mode which would
only affect users outside the U.S.

e HotSpot Output Directory modified to reflect version 3.0. Output directory will
now appear as “HotSpot30” under a parent folder as given by the Windows
Environment variable “AppData”. Note that all sub-directories and files under
HotSpot30 are 100% compatible with HotSpot2.07 versions. Files from 2.07
versions need only be moved to their corresponding location under HotSpot30 to
be used (see next section).
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HotSpot File Structure

HotSpot’s file structure is such that all input and output files are organized under a single
directory: HotSpot30. This is very similar to version 2.07.2 which used the folder name
HotSpot20. HotSpot version 2.07.2 moved the location of the HotSpot20 folder to its
current location in keeping with a requirement by Microsoft Windows for user programs
to only read or write files under an application folder as opposed to the “Program Files”
directory.

In Windows systems prior to Windows 7 or Vista, the HotSpot30 directory path is:

C:\Documents and Settings\"user name”\Application Data\HotSpot30
In Windows 7 and Vista, the HotSpot30 directory path is:

C:\Users\”user name\AppData\Roaming\HotSpot30
The sub-directories found under HotSpot30 are explained below. Note that HotSpot 3.0 is
completely compatible with older input and output files. To re-use older files (mixtures,
scenario files (*.hot), images, etc) just place the same corresponding file from 2.07.2
under the HotSpot30 directory. For example, to re-use mixture files (*.mix) created in
2.07.1 or 2.07.2, copy those files from either:

(2.07.2 Windows XP or earlier) —

C:\Documents and Settings\"user name”\Application

Data\HotSpot20\UserMix

(2.07.2 Windows 7, Vista) —
C:\Users\”user name”\AppData\Roaming\HotSpot20\UserMix

(2.07.1 Windows XP or earlier) —
C:\Program Files\HotSpot 2.07.1\HotSpot20\UserMix

to the 3.0 mixture file location:
Windows XP or earlier —
C:\Documents and Settings\ "user name ’\Application

Data\HotSpot30\UserMix

Windows 7, Vista —
C:\Users\ "user name”’\AppData\Roaming\HotSpot30\UserMix
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L) My Documents
= ¥ Computer
E = 4567 (C)
1= ATI
=) CamDir
I Config.Msi
= 1= Documents and Settings
= Al Users
= ) usemame
= 1= Application Data
= =) Hotzpot30
=3 FIDLER
= GPS
I Maps
1) MetData
1= Output
= 5 Scenatio

1= Userdix

— Examples

4] Acute Pu-238 1002 Lethality at 0.50 km.hot
4] General Explosion.hot

4] General Fire hat

4] General Plume.hot

4] General Resuspension. hot

(4] MACCS2 Pu-239 M Comparison.hot
4] Plutanium Explosion hot

4] Plutaniurm Fire hot

4] Plutonium Resuspension hat

4] Tritium Release hot

4] Uraniurn Explosion.hot

4] Uranium Fire.hot

HotSpot30

e Main folder containing all HotSpot sub folders and files

FIDLER (Field Instrument for the Detection of Low Energy Radiation)
e Contains all calibration files for FIDLER calibration and Lung measurement data

GPS

e Contains files supporting Hotpot Global Positioning Satellite (GPS), exercise

mode.

Maps

e Location of .bmp maps and associated geo position data for each map. An

example map and geo file for Coyote Hills in Albuquerque, New Mexico, are

automatically loaded when HotSpot is initially run.

MetData

¢ Contains Site-specific meteorological data for HotSpot Percentile Dose Option.
An example file is loaded when HotSpot is initially run.

Output

¢ Contains HotSpot output files, tables, plots, etc.

Scenario

e Contains Example release files and user-created files.

UserMix

e Contains user-created radionuclide mixtures and two example mixtures,
“Criticality Plutonium 1E+19 fissions.mx” and “ExampleMixture.mix.”
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HotSpot Batch Mode

HotSpot can be run in a “background” mode that produces Table output and contour
points without displaying the HotSpot graphical user interface. When this mode is
enabled HotSpot can be launched at the command prompt or a batch file. The output
files are placed in the HotSpot “Output” folder.

=+ Command Prompt !E H

Microsoft Windows XP [Uersion 5.1.26881
CC> Copyright 1985-2881 Microsoft Corp.

C:“Program Files“Hotspot 2.87.2>hot2872.exe

The automatic HotSpot output uses the variables and options contained in the
“current.hot” file. This allows the user to edit the current.hot text file, e.g., change release
quantity, meteorological data, distances, etc., and then run HotSpot. Multiple analyses
can be created via a batch file.

To use the Automatic mode, add the text “HotSpot Automatic Table” to the
“SystemName =" line in current.hot.

Terrain = Standard
Distancellnit=s = Cla==sic
Inner = 100

Middle = 50

Outer = 10

InnecDep = Z.TOZTOZTOETOZT
MiddleDep = O.2T70ZT0ET0ET0ET
OuterDep = O_0ZT0ZT0ET0ET0ET
FReceptorHeight = 1.5
WindSpeadHeight = 10
Feometry = Jimple
RainlutConstant = 0

D1 = 0.0z
Dz =0.1
nx =0.2
Dd = 0.2
DL =0.49
DE = 0.5
o =0.6
ng =07
D3 = 0.5
nip = 0.3
D1l =1
Dl = g
ni: = a
D14 = &
n1ls = &
= 10

Dl&
Warticallliametar = NS4

o PPN T PO - Wi |
ﬂ Sgstcmﬂ'mc = HotSpot dutomatic Table :
1 S -

RespirableFraction = 1
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Additional options are available when running HotSpot in Batch Mode. These options are
enabled by adding additional keywords to the “SystemName =" line in the current.hot
file. These options are summarized below.

e Automatic Table
o Generates table output (Output file name is current.out)
= Default three significant figures
o Generates centerline plot (Output file name is current.bmp)

e Automatic Table Four
o Generates table output (Output file name is current.out)
» Four significant figures
o Generates centerline plot (Output file name is current.bmp)

e Automatic Table Five
o Generates table output (Output file name is current.out)
= Five significant figures
o Generates centerline plot (Output file name is current.bmp)

e Automatic Google
o If Nuclear Yield > 0 Generates file for displaying specified fallout
contours via Google Earth (Output file name is HotSpot_Nuclear.kml)
o If Nuclear Yield = 0, Generates files for displaying specified TEDE and
Deposition contours (if deposition velocity > 0) via Google Earth (Output
file names are HotSpot_ TEDE.kml and HotSpot_Deposition.kml)
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Example Automatic Table output

-1olx|
Print  Options
HotSpot Version 3.0 General Fire Mar 06, 2013 0S:04 AN
1E400 Plume Centerline TEDE (rem as a function of Dovnwind Distance
1E-01
1E-02
1E-03
rem
1E-04
1E-05
1E-06
I
1E-07
0.01 0.1 1 10 100
km
Source Material rhm-241 W 432.2y
Material-at-Risk :5.0000E+01 Ci Resp. Rel. Frac.
Eff. Release Height :14 m Release Radius
Tind Speed (h=10 m) :5.00 m/s Avg. u(h=7.0% m)
Stability Class :B (Sample Time: 10.00 min
Deposition Velocity :0.3 cn/=
Receptor Height 1.5 m Inversion Layer Height :Hone
HotSpot Version 3.0 General Fire
Nov 11, 2012 09:20 AM
Source Material Am-241 W 432.2y
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-02 Ci
Non-respirable Source Term : 4.75E-01 Ci
Release Radius 20.0 m
Effective Release Height 14 m
Wind Speed (h=10 m) 5.00 m/s
Distance Coordinates All distances are on the Plume Centerline
Avg Wind Speed (h=H-eff) 5.12 m/s
Stability Class B
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
Maximum Dose Distance 0.010 km
MAXIMUM TEDE 0.807 rem
Inner Contour Dose 5.00E-03 rem
Middle Contour Dose 2.00E-03 rem
Outer Contour Dose 1.00E-03 rem
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)
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 2.5E-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 1.1E-07 1.4E-01 5.0E-08 00:02 3.5007220E+01 -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 1.1E-10 9.3E-05 3.4E-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 = Standard
DistanceUnits = Classic
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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
Dl = 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 = ICRP

SampleTime = 10
NonRespirableDepositionVelocity = 8
LocationOfAttack = KNOWN

D1CheckBox = 1

D2CheckBox =
D3CheckBox =
D4CheckBox =
D5CheckBox =
D6CheckBox =
D7CheckBox =
D8CheckBox =
D9CheckBox =
D10CheckBox =
Dl1CheckBox =
Dl12CheckBox =
D13CheckBox =
Dl4CheckBox =
D15CheckBox =
Dl6CheckBox =
D17CheckBox =
D18CheckBox =
D19CheckBox =
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

e e R e e e

e

SunStatus = Low
FuelFire = False
OtherFire = True

HeatInput = 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
RespirableFraction = 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
ShowVirtualInstruments = False
BendAllowed = False
PlumeBendRadiusl = 0.10
WindDirectionl = 270
EnableBendl = 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
ShelterDescription = No Shielding

ExpHeightS5Fraction = 0.20000
ExpHeight4Fraction = 0.35000
ExpHeight3Fraction = 0.25000
ExpHeight2Fraction = 0.16000
ExpHeightlFraction = 0.04000

ChurchCF = 1.0000

ResuspensionMethod = (Resuspension Factor : NCRP Report No. 129)
WeatherCorrectionFactor = (Weathering Correction Factor : None)
UserGroundRoughnessCF = False
GroundRoughnessCF = 1.000
IncludeGroundShine = False
IncludeResuspension = False
GroundExposureStartTime = 0.000
GroundExposureStartUnit = days
GroundExposureDurationTime = 4.000
GroundExposureDurationUnit = days
PromptNeutronRBE = 3.0

DamageRatio = 1.0000E+00

PlumeFormat = .PLM
DisplayGoogleContourValues = True
InnerGoogleContourColor = ff0000ff
MiddleGoogleContourColor = f£f0055ff
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
Ballisticl00Bin = 0.09000

Ballistic200Bin = 0.10000
Ballistic300Bin = 0.12000
Ballistic400Bin = 0.11000
Ballistic500Bin = 0.11000
Ballistic600Bin = 0.11000
Ballistic700Bin = 0.10000
Ballistic800Bin = 0.09500
Ballistic900Bin = 0.08500

Ballisticl000Bin = 0.08000
HotSpotVersion = 2.07.2
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7. HotSpot Algorithms

There are many implementations of the Gaussian model, and so for completeness, 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 Gaussian model generally produces results that agree well
with experimental data in simple meteorological and terrain conditions, and as a result,
has found its way into most governmental guidebooks, and is also used and accepted by
the Environmental Protection Agency (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), Hanna, et a/ (1982, 1987, 1989), S. Pal Arya (1999).

Figure 7.1 HotSpot Coordinate System

C(x, -y, z, H)

C(x, -y, 0, H)

In the HotSpot codes, the coordinate origin is located at ground level, beneath the point
of radionuclide release (x = 0, y = 0, z = 0). The x axis is the downwind axis, extending
horizontally with the ground in the average wind direction. The y axis is the crosswind
axis, perpendicular to the downwind axis, also extending horizontally. The z axis extends
vertically from the ground. A plume travels along, or parallel to, the downwind axis, and
reelects off the ground surface when the plume touches down.
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Gaussian Equation

The following Gaussian model equations determine the time-integrated atmospheric
concentration of a gas or an aerosol at any point in space:

2 2 2

If the inversion layer option is in effect, and o, exceeds the inversion height (L), the

following equation is used.

C(x,y,z,H)= exp[— M} DF(x)
u

N2mo Lu 2 o
y

To avoid the sharp transition between the two above equations, the transition into the
inversion layer equation begins when 6, equals 70% of L and is complete when o, equals

L. Between these two values, the two equations are linearly interpolated.

Where:

= Time-integrated atmospheric concentration (Ci—s)/(m3).
= Source term (Ci).
= Effective release height (m).

= Radioactive decay constant (s_l).

Downwind distance (m).

Crosswind distance (m).

Vertical axis distance (m).

= Standard deviation of the integrated concentration distribution in the

%ql\lk:xpm(g(]
|

crosswind direction (m).
oz = Standard deviation of the integrated concentration distribution in the

vertical direction (m).
u = Average wind speed at the effective release height (m/s).
L = Inversion layer height (m).

DF(x) = Plume Depletion factor
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Plume Passage Dose

In HotSpot, it is assumed that the target individual remains at the same downwind
location (x, y, z) throughout the passage of the plume and the default release duration of
radioactive material is 10 minutes. If you are modeling a scenario with different release
duration you can change the sampling time (see Sample Time below).

Atmospheric Stability Classification

Meteorologists distinguish general states of the atmospheric surface layer as to how they
compare to the adiabatic lapse rate (unstable, neutral, and stable). These categories refer
to how a parcel of air reacts when displaced adiabatically in the vertical direction.
HotSpot allows you to select the atmospheric stability classification in two ways.

For those not familiar with the different stability classifications, HotSpot will select the
appropriate stability classification based on user-input of direct observations. Or, users
can directly select and force a particular stability classification. The simplified method
requires selecting the solar insolation factor and the ground wind speed (2-m height).
HotSpot automatically 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 of solar insolation. The scheme is widely used in meteorology and is accepted
for stability class estimates.

Meteorological conditions used to define the Atmospheric Stability Categories A-F
used in HotSpot

Ground wind Sun high in 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 (o= 25 degrees)
B: Moderately Unstable (o= 20 degrees)
C: Slightly Unstable (o= 15 degrees)
D: Neutral (o= 10 degrees)
E: Slightly Stable (og= 5 degrees)
F: Moderately Stable (o= 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 with a deposition velocity of zero and a release
point at or very near GROUND LEVEL, the maximum concentration is always
associated with “F” stability. However, if the deposition velocity is greater than zero, the
worst-case stability at large downwind distances is not always associated with “F”
stability due to the effects of plume depletion, i.e., the concentration of the plume
decreases at a faster rate with increasing stability class (A-F) and increasing deposition
velocity. For example, at a specific location, “E” stability could result in a higher local
concentration than “F” due to LESS plume depletion associated with “E” stability. This
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 as the National Atmospheric Release Advisory Center's (NARAC), LODI
(Leone et al, 2001) model, and those of Gaussian plume models such as HotSpot. A
significant difference may be caused by different model assumptions about atmospheric
diffusion in night-time, stable conditions. For stable atmospheric condition of “F”
stability and 1 m/s wind speed (often used for conservative calculations for ground-level
releases), a Gaussian Plume model may give a much more conservative result than
NARAC due to the way a stable atmosphere is treated.

An atmospheric stability class of “F” (moderately stable night time conditions) with a 10-
meter height wind speed of 1 m/s (about 2 mph), is very close to “calm” conditions. It is
common for the wind direction to fluctuate significantly at such a low wind speed.
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 assumed in HotSpot to be in concert with various
government publications (e.g., EPA “Green Book™). However, HotSpot also has a “G”
stability class option specifically for extremely stable low-wind speed conditions. This
option uses a more-typical, larger fluctuation in the wind direction (standard deviation of
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 night time, stable conditions, under simple, homogenous meteorological
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., larger Gy) than modeled with F stability due

to increased plume meander. The standard deviation of the observed wind fluctuations in
the horizontal direction, o-theta, can be very large. The observed o-theta values during G
stability conditions correspond to anything between categories A—F, i.e., diffusion in
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terms of tabulated dispersion parameters is indeterminate during G stability conditions
(Hanna, 1982). The diffusion can best be estimated using the actual measurement of o-
theta. If the G stability class is selected, the user is prompted for c-theta, and the
applicable stability class is used for the horizontal diffusion component. F stability is
always assumed for the vertical component.

Determining oy and o,

Once the atmospheric stability category has been determined, HotSpot uses the equations
given in Table 2 to estimate o, and o, for two terrain types-Standard and City. The 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 than the standard factor, due to the
increased dispersion from large urban structures and materials.

The most widely used scheme to estimate Oy and o, 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 km. Briggs incorporated theoretical
concepts regarding asymptotic limits of the formulas to produce a widely used set of
equations for cy and &

The equations are associated with dispersion experiments conducted over short grassy
surfaces with an average surface roughness height, Zj, of 3 cm. (Note: the surface
roughness height is approximately equal to the physical height divided by 10, e.g., a
surface roughness height of 3 cm would be associated with a field of objects with an
average physical height of 30 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 commonly used 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
extrapolate the 6y and o, 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
dose estimates. The Explosion, Fire, and Resuspension models automatically
approximate these source-term geometries and users can select the “Complex Geometry”
Setup option to model user defined line and area sources.
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Equations used to determine Oy and o, 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
0.1 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+0.000 e 1+0.0003x
0.04x 0.016x
F J150.0001x 140.0003x

Graphical representation of the above equations for sigma-y (standard terrain)

Sigma -y

10000

1000

100

Sigma-y (meter)

0.1

% 16 100
Distance (km)
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Graphical representation of the above equations for sigma-z (standard terrain)

Sigma - z

10000 -

1000

Sigma-z (meter)

0.01 0.1

1 10 100
Distance (km)

Equations used to determine Oy and o,

City Terrain
Pasquill Oy (meter) Oz (meter)
Type
0.32x 0.24x/1+0.001x
A-B J1+0.0004x
0.22x 0.20x
C J1+0.0004x
0.16x  0l4x
D J1+0.0004x J1+0.0003x
0.11x 0.08x
E-F

v1+0.0004x

v1+0.0015x

x = downwind distance, meters
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Sample Time

The equations for the standard deviation of the Gaussian concentration distribution in
cross-wind direction (cy) are representative of observing plume characteristics over a

time period of 10 min. In the HotSpot codes, this averaging time is referred to as the
sampling time. Concentrations downwind from a source decrease with increasing
sampling time primarily because of a larger oy, 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, and the plume shows the “instantaneous” cloud concentration (loops, etc.). The
second exposure duration of 5 minutes results in a smoothed cloud concentration (and
reduced average centerline concentration) due to averaging all of the “instantaneous”
values over the 5 minute sampling time.

Sample time = 1/50 sec
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Sample time = 5 min

In the HotSpot codes, the default release duration of radioactive material is 10 minutes.
If you are interested in a scenario with a release duration of 1 hour, you should change
the sample time to 60 min. The sample time for the explosive-release programs is fixed at
10 min and cannot be altered. However, the sample time may be changed in non-
explosive programs in the “SETUP” menu. In HotSpot, the following equation adjusts for
sampling times different than 10 min (Hanna, et al., 1982; Gifford, 1975 )

0.2
, t
(o) =0,
vy ~"vl10] 7
Where:
Gy = 10-min standard deviation of the concentration distribution.

Gy "= Standard deviation for averaging time, 7.

Effective Release Height

The actual plume height may not be the physical stack height. Plume rise can occur
because of the velocity of stack emission, and the temperature differential between the
stack effluent and the surrounding air. The rise of the plume results in an increase in the
release height.

7-9



HotSpot User’s Guide 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 ground-level release should be used. This will
usually yield a conservative estimate, (i.e., larger radiation doses for all downwind
receptors, etc). If you are using the HotSpot “General Plume” or “Tritium Release”
models, an optional check box enables the Plume Rise Calculation.

Wind Speed Variation with Height

The Gaussian plume equation requires the wind speed at height H, the effective release
height. Wind speed data are typically referenced to a height of 10 meters. The actual data
might be measured at a different height, e.g., using data from a 61 meter meteorological
tower and then these data are adjusted to a 10-meter reference height. HotSpot uses the
following power-law formula to adjust the wind speed for all effective heights greater
than 2 meters (if the release height is less than 2 meters, HotSpot will adjust the wind
speed to a height of 2 meters).

P
u(H)=u(z) (g)

Where
u(z) = Wind speed (m/s), at reference height z (m)
H = Effective release height (m)
u(H) = Wind speed (m/s), at height H (m)
p = Factor from the following table.

Exponential factor, p, used by HotSpot for calculating wind speed variation with
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
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Note: Some dispersion models do not adjust the wind speed for release heights below a
specific reference height. For example, for release heights below 10 meters, MACCS2
assumes the wind speed is equal to the 10-meter reference height value. Suppose you
want to compare the results of HotSpot with MACCS2 using wind speed data referenced
to a height of 10 meters. If the release scenario assumes a ground-level release (release
height = 0), HotSpot will adjust the 10-meter wind speed data to a height of 2 meters
(Wind speed at 2 meters is considered “ground level”). To compare the two codes (use
the same wind speed values in the Gaussian equation) the HotSpot wind speed height
correction must be turned off. To use the wind speed data without height correction, the
“Wind Ref Height” in HotSpot must be set to 2 meters.

¥ HotSpot Version 3.0 Mol _ o] x|
File  Help
Models | Source Term| Meteorology | Receptors Setup | Output |

—Tetrain Radiological Units Distance Units —
& Standard : Conservative Option & Classic (rem, rad, Ci) & Metric
© City : Large Metropolitan Area S| (Sievert, Gray, By C English

I it B e Explosion Model AF Distribution

Wlnd Ref Height Sample Tirne Source Geometry User-input Yertical AF Distribution
2 meters |1E| min & Simple = | Cliangerview: AR Distribution
i Complex
~Mixing Layet ———————————————

™ Enahle Inversion "DCF Library ‘

FGR 11 © FGR13  Acute (30-days)

i Ground Shine & Resuspension ) Brreathing Rate
I Include Ground Shine (Weathering Correction Factor : Nane) 333604 m3fe
I" Include Resuspension (Resuspension Factar : kMaxwell-Anspaugh) -
Exposure Time: (Start: 0.00 days; Duration: 4.00 days) Holdup Time
’70 rin
—Contour Values Mon-tespirable Deposition Yelocity
TEDE (rem) Deposition (uCi/m2) ( IB Cmisec

Inner 1.00 Inner 100.00
tiddle |D.50 Middle  [10.00 et Deposition
Outer Iu_m Outer 1.00 ™ Enable Rainout

& uCifm2 ¢ dpraf100 crm2
7 ( ) Return to Original Defaults
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Surface Roughness Height

As previously discussed, the equations used to determine the “Standard” terrain Oy and
G, values are associated with dispersion experiments conducted over short grassy

surfaces with an average surface roughness height, Z;, of 3 cm. The surface roughness
height affects the o, values for each of the atmospheric stability classes (A-G). The
committed effective dose and respirable time integrated air concentration values, for a
surface roughness height greater than the standard terrain value of 3 cm, will differ by the
ratio of the roughness height corrected 6, and the standard terrain 6,. The o, correction

is as follows (Hanna et al., 1982, pages 6 and 29).

p
Zo
c- =0z|3
“ 3
Where
6, = Standard deviation of the vertical concentration (standard terrain) .
6, = Standard deviation of the vertical concentration for surface roughness
height, Z).
Zy = Surface roughness height, cm. Note: the roughness height is approximately equal

to the physical height of obstacles divided by 10. HotSpot limits the Z, values to a
range of 3 cm to 300 cm.

p = Exponent in the range of 0.10 to 0.25, and assumed to be 0.2 in HotSpot.

The following figure shows the Zj -corrected o, values from 1 km to 10 km as dashed
lines for several Z, values with stability class D. The corrected o, values increase with
increasing Zy, and for example, stability class D o, can even exceed uncorrected stability
class C o, values. No Z -correction is required when using “City” terrain, as the Z, value

associated with typical city structures is included in Oy and o, values.
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Effect of Surface Roughness on Sigma £ 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 processes can deposit material on the ground. This process is
called dry deposition, and the effective deposition velocity (e.g., in units of cm/s) is
empirically defined as the ratio of the observed deposition flux (e.g., in units of uCi
/(cm*-s)) and the observed air concentration near the ground surface (uCi/cm?). As this
material is deposited on the ground, the plume above becomes depleted. HotSpot uses a
source-depletion algorithm to adjust the air concentration in the plume to account for this
removal of material.

For most materials, a dry deposition velocity of about 0.3 cm/s can be assumed and the
dry deposition flux to the surface (e.g., uCi /(cm’-s)), can be assumed to equal the dry
deposition velocity times the concentration (Hanna and Britter, 2002). However, as
shown in the figure below, the 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 dioxide (SO;) and iodine

7-13



HotSpot User’s Guide 7. Hotspot Algorithms

(I2), with values for the former ranging from 0.04 cm/s to 7.5 cm/s, and those for iodine
ranging from 0.02 cm/s to 26 cm/s, depending on the ground surface and
micrometeorological conditions (S. Pal Arya 1999).

To be in concert with the NRC code “RASCAL” (USNRC, 2000)' and the Department of
Energy’s NARAC the default dry deposition velocity for the respirable component of the
source term is 0.3 cm/s.
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Experimental data on dry deposition velocities for various gases ranked in
approximate order of chemical reactivity (S. Pal Arya, 1999)

HotSpot uses a dual-deposition velocity methodology. A separate deposition velocity is
used for respirable particles (less than 10 micron aerodynamic diameter) and non-
respirable particles (greater than 10 micron aerodynamic diameter) portions of the source
term. The default values are:

Respirable Source Term Deposition Velocity = 0.3 cm/s
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Non-respirable Source Term Deposition Velocity = 8 cm/s

(Based on empirical comparisons with NARAC deposition data)

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 deposition velocity 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 non-respirable source term components are defined as follows:

Material at Risk (MAR): The total quantity of the radionuclide involved in the release
scenario.

Damage Ratio (DR): The fraction of the MAR that is actually impacted in the release
scenario.

Leakpath Factor (LPF): The fraction of the MAR (modified by the 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 respirable (AMAD
= 1 micron).

Respirable Release Fraction: The fraction of the MAR that is dispersed into the
atmosphere with an AMAD of 1 micron; Respirable release fraction = ARFx RF.

Non-respirable Release Fraction: The fraction of the material at risk that is dispersed
into the atmosphere with an aerodynamic diameter in excess of 10 microns.

Non-respirable release fraction = ARFx (I-RF). The final HotSpot respirable and non-
respirable source terms are:
Respirable Source Term = MAR x DR x LPF x ARFx RF

Non-respirable Source Term = MAR x DR x LPF x ARFx (I-RF)
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The source term in HotSpot is allowed to decrease with downwind distance. This plume
depletion is accomplished by multiplying the original source term by a source-depletion
factor [DF(x)]. The evaluation of this depletion factor has been described by Van der
Hoven (1968).

The source-depletion factor equation used in HotSpot is:

) __XP
u JT

X
1
DF(x)=|exp 7 dx
H
o (x)exp 5
0 o Z (%)
Where:
DF(x) = Depletion factor, (dimensionless)
X = Downwind distance (m)
v = Deposition velocity (cm/s)
u = Average wind speed at the effective release height, H (m/s)
H = Effective release height
6,(x) = Standard deviation of the air concentration distribution in the

vertical direction (z axis) for either Standard terrain (adjusted
for surface roughness height if applicable) or City terrain.

The following figure shows the Depletion Factor (DF[x]) for 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 deposition velocity of 1 cm/s, for
source heights from 0 to 100 meters above the ground for stability classes A-F
(Van der Hoven 1968)

Wet deposition

The theoretical treatment of wet deposition is often divided into rainout (scavenging
within the rain cloud), and washout (scavenging below the rain cloud).In many practical
applications and HotSpot, the two processes are simply combined and treated as a single
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.

0= ., 7

Where:
C'=  concentration (Ci/m’)
A= washout coefficient (s™)
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u=  mean wind speed (m/s).

Typical Coefficient values

Rain rate (mm/hr)  Rainout Coefficient (s”)
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 (WCF) methodologies have been
implemented in HotSpot:
1. WASH 1400 (NUREG-75/014)*
WCF = GRF [0.63 ¢"*Y +0.37 ¢*0774 1 ]
Where
t = years post release
GRF = Ground roughness correction factor (default = 0.7)
Ref: WASH-1400, “Reactor Safety Guide,” Appendix VI, “Calculation of Reactor
Accident Consequences,” (NRC 1975, p. 8-8, Equation VI 8-1 (also referred to as
Equation VI E-1).
2. Likhtarev*
WCF = GRF [0.4 ¢*¥Y + 0.6 ¢*71*Y]
Where

t = years after release
GRF = Ground roughness correction factor (dimensionless).
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(default =0.7)

Ref: Likhtarev I. A. et al., “Chernobyl Accident: Retrospective and Prospective
Estimates of External Dose of the Population of Ukraine,” Health Physics, March
2002, Volume 82, No. 3, pp. 290 -303, Equation 5.

*The Likhtarev weathering equation included a “hardwired” GRF value of 0.82.
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 WASH-1400 and Likhtarev
implementations, with the default value being 0.7 for the “Nuclear Explosion” model.
Note: The default is 0.82 for non-fallout radionuclide ground shine. Users may change
the GRF as needed.

Plume Rise

Ah e

I
Physical height, h

Effective height, H=h + Ah

| X

The actual plume height may not be the physical release height (e.g., the stack height).
Plume rise can occur because of the velocity of the stack efflux, and the temperature
differential between the stack effluent and the surrounding air. The rise of the plume
results in an increase in 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 height of the stack) or use zero height for a
ground-level 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 diameter (e.g., if you are designing a new stack for a
building), HotSpot can automatically calculate the effective release height.

HotSpot calculates both the momentum plume rise (Briggs, 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 flux, F, is:

F =r2gv(l—&] (m4/s3)

Ts
Where:
g = gravitational acceleration (9.8 m/ 52)
v = stack exit velocity (m/s)
r = stack radius (m)
Ty = ambient air temperature (deg K)
T = stack effluent temperature (deg K)

The effective release height, H, due to buoyancy plume rise is determined as follows,
(Briggs, 1975).

For atmospheric stability classifications A, B, C, and D, (Unstable to Neutral),

u(h)

H=h

Where:
h = physical stack height (m)
u(H) = wind speed at effective release height (m/s)
X* = distance associated with final plume height (m)
(Munger, 1982)

X*=119 0.40 for F>55
X*=49 0.625 for F <55

For stability classifications E, F and G, (Stable),

for u(H) > 1.4 m/s
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1/3
H=h+26 o
(u(H)S)

for u(H) < 1.4 m/s

Where:
S =0020g/T, for stability class E

S =0035g/T, for stability class F

Momentum Plume Rise

The effective release height due to momentum plume rise is determined as follows,

(Briggs, 1969).

For atmospheric stability classifications A, B, C and D, (Unstable to Neutral),

6vr

u(h)

H=h+

Where:
v = stack exit velocity (m/s)
h = physical stack height (m)
r = stack radius (m)
u(h) = wind speed at physical stack height (m/s)

For stability classifications E and F,

1/3

H=h+1.5 s-1/6

u(H)

Where:
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2 H (m4/52)
F=0.25Q2rv)
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 and the former is
assumed to be zero.

Two important parameters in the determination of plume rise are the heat emission rate
(Q) and the buoyancy flux (F). For a fuel fire, the heat emission rate is:

Q =3785VdH (1-f)/t

Where:

Q = heat emission rate (cal/s)

3785 = volume conversion factor (cm3/ gal)

v = volume of fuel (gallons) burned in time, At (s)

d = fuel density (g/cm?)

H = heat of combustion (cal/g)

f = fraction of the heat of combustion that is radiated (dimensionless)
t = duration of fuel fire (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 1-5 mm per minute (Drysdale, 1985).

In HotSpot, it is assumed that 30% of the heat of combustion is radiated, fuel density is 0.81

gram/cm3, and the default heat of combustion is 1.2E+04 cal/g. Therefore, the above
equation becomes,

Q=2.58E+07 V /t

Given the heat emission rate, the buoyancy flux is,
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F=¢gQ/nCpT (m4/s3)

Where:
g = gravitational acceleration (9.8 m/ sz)
C = specific heat of effluent gases (0.24 cal/[g °K])
p
T

— density of air (1.29 E+03 g/m’ )
= ambient air temperature (°K)

Therefore,
F=0011Q/T

The effective release height due to buoyancy plume rise is determined as follows,
(Briggs, 1975).

For atmospheric stability classifications A, B, C, and D,

H=1.6(F)" X** / u(H/2)

Where:
H = effective release height (m)
X* = distance associated with final plume height (m) (Munger, 1982)
X+ =119 (F) " for F > 55
X* =49 (PN for F <55

For stability classifications E and F,

H=2.6[F/u2)S]"

Where:
S =0.020g/T, for stability class E
S =0.035g/T, for stability class F

Briggs’ plume rise equations for plume rise apply to the release from a stack with a
negligible radius. The plume rise from a burning pool of fuel will be less than the Briggs
value. For a burning pool of radius (R), the calculated plume rise is modified as follows
(Mills, 1987):

H=[H+®R/y)’ 1" -R/y

Where:
H = Effective release height via the Briggs methodology (m)
R = Radius of burning fuel pool (m)
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Y = entrainment coefficient for buoyant plume rise, 0.6, (dimensionless).

Two upwind virtual-term point sources are used to model the initial distribution of
material in the vertical and horizontal dimensions. The virtual-term point sources are
positioned at an upwind distance resulting in a sigma-y and sigma-z, 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)

1‘ dz

2 sigma-y (x +dy)

Upwind distance, dy, for for determination of sigma-y (x + dy)

radius = 2:sigma-z

] /?aidius = 2 sigma-y

Upwind virtual

source terms %re \

Upwind =~ Downwind

-y

sigma-y (x=0) = sigma-z (x=0) = 0.5 R

A single elevated area source models the initial distribution of material. This area source
is represented by 2 separate upwind virtual source 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 term “d)” indicates the upwind “virtual” distance used for the horizontal (y),
component, and the “d-" is the upwind distance for the vertical (z), component. The

virtual distances are determined by solving for the upwind distance that results in a Oy
or G, directly over the fire. The applicable algorithms for Oy and G, are used, where

the value of Oy and 0, are defined below. This is an iterative process (see example
below).

7-24



HotSpot User’s Guide 7. Hotspot Algorithms

* Oy directly above the fire equal to 50% of the fire radius. Note: 95% of the fire

debris is contained within a radius equal to 20y therefore Oy = radius/2)

e 0O, directly above the fire equal to Oy as defined above

e A Sampling Time of 10 minutes is used for the determination of the upwind

virtual source term distances (dzand dy)

Example of calculating an upwind virtual source distance, d,

Determine the upwind distance (dy), for a fire radius of 500 meters. The equation for Oy

is used to determine the upwind distance required to generate a Oy equal to 50% of the

fire radius (250 meters). This is an iterative process.

F stability
Radius = 500 meters
Standard Terrain

For “F” stability and “standard” terrain,

0.04
oy= T Equation 1
1+0.0001x

where X = meters

We want to solve for x =dy for Oy = R/2.

Letting oy = R/2 and solving for dy in Equation 1:

(R/2),/1+0.0001 4,

dy 0.04

Since dy is on both sides of the equation, HotSpot iterates until the difference in
successive iterations is less than 0.1 %.

Ist iteration, dy (1), Note: The initial dy is 0 (zero).

500/2)4/1+0.0001 (0
( ) © =6.25%10°3

0.04

meters

dy()=
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(500 /2),/1+0.0001 (6.25x1()")

d, 2= 0.04

4,0~ (500/2)J1+06?(;)f1(7_97xloz) s
4,08 = (500/2)\/1+06?(;)4:)1(8.38x103) 8471’
4,6 = (500/2)4/1 +06(_)(;)4?1 (847x10°) _ § 49510
4,6 = (500/2)\/1+06?(;);1(8.49x103) 850x10?
4,0 = (500/2)y/1+0.0001 (8.50x 10°) 850x10?

0.04

=7.97 ><1()3 meters

meters

meters

meters

meters

meters

The new value is within 0.1 % of the previous value, so the iterative process is complete.

Therefore, the virtual upwind distance for the horizontal component of the area source dy,

1s 8.50 x 1()3 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)

. .

-~ dz(h=5) ——>

< dy (h=5) ——>
| g

Upwind distance, dy, ijr for determinatiéni of sigma-y (X + dy),,..eeeees

2 sigma-z ( x +dz {h=5} )

h(5)

h(4)

2 sigma-y ( x +dy {h=5} )

h(3)
Upwind virtual H,
source terms y
h(2)
h(1)

-t Upwind Downwind X
sigma-y (x=0) = 0.5 cloud radius
sigma-z (x=0) = 0.2 cloud top

Cloud top = 76 (WS)'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 source terms. These
two virtual source terms are associated with either the horizontal (crosswind) or the

vertical components of the area source.

In the above figure, the two upwind virtual source terms for the fifth [h(5) ], area source
are shown. The term “dy” indicates the upwind “virtual” distance used for the horizontal
(y), component of h(5), and the “d.” is the upwind distance for the vertical (z),
component of h(5). The virtual distances are determined by solving for the upwind

distance that results in a Gy Or G, over the point of explosion. The applicable

algorithms for Oy and G, are used (see atmospheric stability classification), where the
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value of Gy and G are defined below. This is an iterative process (see Fuel Fire
Example).

* Oyover the explosion point equal to 50% of the cloud radius defined above

component. (95% of the cloud debris is contained within a radius equal to 2Gy’

therefore Oy = radius/2).

e G, over the explosion point equal to 20% of the cloud top. If the equation for G,
never approaches the 20% criterion (which is possible for very large explosions, and
stability class E or F), the target G, 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
source term distances (dzand dy).

The initial explosive cloud top is based on the empirical correlation described by
Church (1969), and can be modified as described below. This correlation yields the
stabilized cloud height based on the quantity of chemical explosive (TNT equivalent).
The following figure shows the observed explosive cloud height as a function of time
since detonation for the Double Tracks shot in the Roller Coaster series of experiments
in 1963 at the Tonopah Test Range in Nevada (Foster et al., 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 height. In HotSpot, it is assumed that the cloud 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 figure below.

Double Tracks Cloud Rise

Fraction of Final Cloud Height
o
»

0.2 - y = 1.07E-07x* - 7.65E-05x? + 1.52E-02x + 8.21E-02
R? =9.95E-01

0 T T T
0 50 100 150 200

Time (seconds)

Cloud height as a function of time for Double Tracks
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Green Field Explosive Cloud Height

The Green Field I (Sharon, et al 2010) project conducted a series of explosive detonations to
primarily study the resulting time-dependent particulate material cloud rise associated with the
thermal buoyancy of the gases produced by detonations of 0.55 to 110 Ib (0.25 to 50 kg) of high-
explosive. From analysis of the data an empirically-based expression was derived to describe the
time-dependent height of the cloud top (h) in meters as a function of the quantity of the explosive
(W) in pounds and the time since detonation (t) in seconds for unstable and stable/neutral
atmospheres.

The expression for the time after detonation (t,,) at which the maximum cloud rise is attained (e.g.
the time at which the cloud becomes thermally neutral) is,

t (w)=21.6w""

The expressions for the stabilized cloud top (H) as a function of high explosive for unstable
(Stability class A, B and C) and Stable/Neutral (Stability class D, E F, and G) are,

H(w)=27.4w"* Unstable
H(w)=233w"* Stable/ Neutral

The HotSpot user interface has been changed to allow users to use the Green Field
parameterization. A checkbox has been added to the existing “Airborne Source Component
Cloud Distribution” panel (Main HotSpot “Setup” form), where users are able to make
adjustments to the default Church formula calculation (see Figure below). As with many other
checkboxes, a 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 experiments. Therefore, the
Church formula is still used above 100 pounds, even when the new option is selected.
The Church-height correction factor is not used if the “Green Field Option” check box is
checked. Whenever the “Green Field Option” check box is checked, the Church-height
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

1.00000

™ Include Ballistic Particles (If Aitborne Fraction < 1)

Return

Ballistic Particles

Extensive studies have been conducted at Sandia National Laboratories (SNL), to characterize
the particulate material resulting from explosive detonations [Harper, et al., 2008]. This work and
other experiments indicate that detonations involving the release of a large variety of
substances can result in particles ranging in size from a few pm in aerodynamic diameter (AD)
to a thousand pm, or more. These studies also indicate that particles larger than approximately
100 um AD do not become entrained in the hot cloud of gases, but separate from the rising
plume and follow ballistic trajectories independent from the buoyancy effects produced 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 implemented in HotSpot requires the Y nux, Xmax, and Xpot
parameters (see figure below) using algorithms contained in the ScatterMe model. The X
parameter is the x-axes location of maximum ballistic particle deposition. The ScatterMe model
was developed in the course of investigating and interpreting ballistic particle deposition at SNL.
Model details are discussed in the publication by Harper, et al. [2008].

. /!
\ J Ymax
+ 3 4+
Fa
/ A"
- ~ |
—> X |Ymax
Y max ¥ max

Schematic of idealized parameters in Scatter Me model
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In HotSpot, the ballistic component of the source term (100 um — 1000 um AD)), is divided into
10 particle size bins (i = 1-10). The activity (A), and deposition (D), associated with each bin are
related by the following equation:

A
+ (X - Y ) X 21/i,max

i,max i,max

Di = ﬂ:YZ

i,max

The total ballistic deposition at a specific point (x,y) is the sum of all D; values for particle sizes
with area boundaries (see figure above) 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 Distribution (APSD). The HotSpot default ballistic
APSD is a unimodal log-normal distribution with an Activity Median Aerodynamic Diameter of
250 pm and a geometric standard deviation of 3. This distribution is implemented using the 10
particle size bins discussed above with each bin assigned the appropriate activity fraction
consistent with the log-normal APSD. In the default APSD, 100% of the ballistic particle activity
is evenly divided into the 10 bins as shown below.

Ballistic Particle Size Distribution

100 um Bin 'W
200um Bin | 0.10000
300umBin | 010000
400 um Bin | 0.10000
500umBin | 010000
600um Bin | 010000
700umBin | 010000
800 um Bin ]W
a00umBin | 010000
1000um Bin | 0.10000

Total

1.00000

Farticle Density

Driginal Defaults 2.50 giond
Default ballistic particle APSD

The HotSpot user also has the option to input a custom APSD. If the Ballistic option is enabled,
HotSpot deposition and ground shine include the ballistic component of the release. The ground
shine outside the ballistic deposition zone assumes a disc with effective radius determined by the
deposition area, and includes air attenuation with buildup. To enable the ballistic option, check
the “Include Ballistic Particles.”

The respirable, non-respirable, and ballistic source term components are defined as

follows. Note: if the Airborne Fraction (ARF), is 1, the ballistic component is zero and
the “Ballistic Particle Size Distribution” screen shown above, will not be displayed .
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Material at Risk (MAR): The total quantity of the radionuclide involved in the release
scenario.

Damage Ratio (DR): The fraction of the MAR that is actually impacted in the release
scenario.

Leakpath Factor (LPF): The fraction of the MAR (modified by the 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, and is not ballistic.

Respirable Fraction (RF): The fraction of aerosolized material that is respirable (AMAD
=1 um).

Respirable Release Fraction: The fraction of the MAR that is dispersed into the
atmosphere with an AMAD of 1 um; Respirable release fraction = ARFx RF.

Non-respirable Release Fraction: The fraction of the material at risk that is dispersed
into the atmosphere with an aerodynamic diameter greater than 10 um and less than or
equal to 100 pm;

Non-respirable release fraction = ARFx (I-RF). The final HotSpot respirable and non-
respirable source terms are,

Respirable Source Term (AD <10 pm) =MAR x DR x LPF x ARFx RF
Non-respirable Source Term ( 10 pm <AD < 100 pm ) = MAR x DR x LPF x ARFx (I-RF)

Ballistic Source Term (100 pm <AD < 1000 pm ) = MAR x DR x LPF x (1-ARF)

Respirable
Source Term }

auv

Ballistic

Source Term Non-respirable

I3
f.‘ Source Term

Example HotSpot respirable, non-respirable and ballistic source term partitioning
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Resuspension
i
: i
: W
! R
! 2 sigma-z (x+ dy)
Upwiind virtual - oot
R oy Sy wpT—

_"'"""----—--‘UDWiﬂd‘________ - Dowrwind Lx

2
L]
%
%
(%

sigma-y =0 =051
sigma-z =0 = sigma-z (dy)

Resuspension Model Geometry

An upwind virtual source term models the initial distribution of material. The virtual-
term point source is positioned at an upwind distance that results in a c,,, at the center of

the contamination zone, equal to 50% of the input effective radius. The following four
resuspension methodologies are available in the HotSpot resuspension model. The 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])

" Mawwell and Anspaugh- 2010 BF = 1E-05 exp-0.07 f) + 7E-09 exp~0.002 f) + 1E-09; tinyears

" MCRF ReportMo. 129 FF (0-17 day = 1E-06; BF (1 to 1,000 days) = 1E-06 /t; BF(t> 1000 days) = 1E-09; tin days

 WWASH 1400 (NUREG-75{014) FF = 1E-05 exp(-0.677 )+ 1E-09 ; tinyears
@+ Constant RF = 1.00E-05 {1/ meter)
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For wind speeds in excess of 3 m/s, the RF is adjusted as follows,

RF(u) = RF « (w/3)° ; for u> 3 m/s

Note: If the “Constant” RF option is selected, the wind speed is not adjusted.

The effective source term (Qeﬁv) associated with the observed ground contamination (G)
18,

Qy=RE(u)*Geme Oy, origin * Oz, origin * U (Ciss)

Where: G = ground contamination (Ci/mz).

The Gaussian standard deviations are evaluated at a distance equal to the distance from
the origin to the upwind virtual source position. Qeﬁvcan then be used in the Gaussian

equation to estimate the radionuclide concentration downwind from the contamination.

Note: The resuspension factor is determined using measurements of the ground

contamination (Ci/mz), and the radionuclide air concentration (Ci/m3) 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 50-year committed effective dose equivalents are calculated per one-hour residence
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 10-min values to 60-min values.
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8. lonizing Radiation Dose Terminology

Radiation Health Effects

People can receive radiation doses externally such as from an x-ray machine or internally
through inhalation, ingestion, or by absorption through intact or broken skin, such 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 energies emitted by any radioactive daughter products,
The physical half-life of the radionuclide and any daughter radionuclides,

The route of intake,

The airborne particle size distribution and solubility of inhaled radionuclides, and
The chemical and biokinetic characteristics of the 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 depends upon the chemical nature of the material. Typically, some fraction of
inhaled radioactive materials will be absorbed into the bloodstream and deposited in
various organs. The degree of retention of radioactive materials also depends upon the
chemical form of the material.

In radiation biology and radiation protection, the dose received from an intake of
radioactive materials is a measure of the energy deposited per gram of tissue over a
specified period of time. This dose (typically in units of rad or gray) can then be related
to short-term biological damage, and longer-term risks of cancer induction.

When evaluating the potential for acute health effects from intakes of radioactive
materials, it is important to appropriately define and understand the time pattern in which
various organ systems receive the radiation doses. For acute health effects, the dose
integration period of interest is likely to be relatively short, perhaps 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 over a 50-year period after intake.
Thus, a committed organ dose-equivalent is the dose equivalent received by a specified
organ over the entire 50-year period after intake. Also, because the occupational dose
limits are based on limiting the overall risk of cancer, an effective dose (a sum of risk-
weighted organ doses) is used as a regulatory limit.
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Accordingly, it is generally not appropriate to use the commonly available 50-year
committed effective dose equivalent dose conversion factors to predict acute health
effects. In order to assess the likelihood 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 to ionizing radiation are classified as either stochastic or
deterministic (previously termed non-stochastic). Stochastic effects occur randomly and
the probability of the effect occurring, rather than its severity, is assumed to be a linear
function of dose without a threshold. Stochastic effects can 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 from the collective injury of substantial numbers of cells in
affected tissues. The severity of 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 first observed biological effects of ionizing radiation and include cataract
of the lens, non-malignant damage to the skin, cell depletion in the bone marrow causing
hematological deficiencies, and gonadal cell damage leading to impairment of fertility.
Deterministic 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 acceptable
level.

Acute Radiation Syndrome

Typically, the organ systems of interest for acute dose effects (for example, the various
components of acute radiation sickness) are the red bone marrow, the small intestine, and
the lungs. There is some uncertainty concerning what dose levels can be expected to
cause acute health effects. However, in HotSpot, it is assumed that acute doses (for
example, dose received in 1 day or less) of 300 rad, 1,500 rad, and 1,000 rad, to the red
bone marrow, small-intestine wall, or 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, small-intestine wall, or lungs, respectively. The small-intestine wall value
remains the same due to fast passage through the GI system. For more information, see
Acute DCF.

Stochastic Health Effects (Cancer)

At lower doses, the health end-point of concern is the induction of cancer or leukemia.
Estimates of cancer risks (morbidity and mortality) for internally deposited radionuclides
are partly based on external exposures of human populations (for example, survivors of
the Hiroshima and Nagasaki bombings), partly on animal studies, and to a lesser extent,
on the very limited human experience with internal radiation doses (National Research
Council, National Academy of Science, 1998).
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Dose Rate

A dose of radiation can be delivered in a very short time period, for example, medical x
rays in a fraction of a second, or over many months or years, such as exposure to natural
background radiation. In addition, the dose may be received in a single exposure or may
be fractionated into several exposure periods, such as in split-course cancer radiation
therapy. Although there is no strict time boundary to distinguish between exposure time
periods, HotSpot defines a total dose received in a time period of 30 days or less as an
acute dose.

The early biological effects of acute, high-level doses appear within minutes to weeks,
depending on the dose received and the fraction of the total body exposed to the
radiation. An acute, high-level, localized dose can result in hair loss, skin burns,
cataracts, and temporary or permanent sterility. An acute, high-level, whole-body dose
(greater than 50 rad) can decrease the number of blood cells and cause diarrhea,
vomiting, and fever. Very high doses (greater than 1,000 rad) can cause disorientation,
coma, and death.

When evaluating the potential for acute health effects from intakes of radioactive
materials, it is important to appropriately define the time pattern in which various organ
systems receive the radiation doses. For acute health effects, the dose integration period
of interest is likely to be relatively short, perhaps the first 30 to 60 days after intake. In
HotSpot, we use the 30-day time integration period.

In contrast, in occupational radiation protection, internal radiation doses are most
commonly specified in terms of the total dose received over a 50-year period after intake.
Thus, a committed organ dose equivalent is the dose equivalent received by a specified
organ over the entire 50-year period after intake. Also, since the occupational dose limits
are based on limiting the overall risk of cancer, an effective dose (a sum of risk-weighted
organ doses) is used as a regulatory limit.

Accordingly, it is generally not appropriate to use the commonly available 50-year
committed effective dose equivalent dose conversion factors to predict acute health
effects. In order to assess the likelihood and nature of short-term health effects, dose
conversion factors that represent the actual (cumulative) dose received 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 likely to result in lethality than the same dose received over a period of
several months. Similarly, a dose of 300 rads to the bone marrow received relatively
uniformly over 50 years would not produce any acute health effects, in contrast to the
same dose received 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 energy loss per unit path length of tissue are more effective in producing
biological effects than radiation with lower rates of energy loss per path length. The
quantity termed linear energy transfer (LET) is used to quantify this energy loss. For
example, gamma and x rays have LET values of a few keV/ um while alpha particles
associated with the decay of Pu®*’ or Am**' have LET values of approximately150
keV/pm.

In order to calculate the equivalent biological response from various types of radiation,
the concept 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 LET-dependent 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 biological effectiveness
(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 specific biological system
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 dose of 100 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 late non-cancerous organ effects.
HotSpot also addresses the early effects of acute radiation dose, and uses a similar unit of
dose equivalent (rad-equivalent), to denote that the rad dose has been modified by an
RBE value associated with acute/early deterministic effects.

Hr=RBE4 D
Where:
Hr = RBE-weighted absorbed dose, rad-equivalent
D= absorbed dose, rad
RBEy = Deterministic Effects Relative Biological Effectiveness,

dimensionless (described below)
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The FRMAC, NARAC, and HotSpot use this dose equivalent methodology for
determining the RBE-weighted absorbed dose to the lungs from inhalation of high-LET
radiation, such as alpha particles associated with the decay of Pu-239 or 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), the LD50/60 would be 143 rad (1000
rad-equivalent dose) due to the increased effectiveness of the alpha particles in causing
this particular acute exposure deterministic effect (assuming an RBE of 7). The rad-
equivalent notation indicates that the dose has been modified by the RBE to account for
the deterministic effects of high LET radiation. In HotSpot, the RBE for SI wall always
remains 1.0 for the high LET component (selected RBE for High-LET radiation is
applied to the Lung and Red marrow).

Deterministic Effect RBE4 Values for Internally Deposited Alpha Emitters and
External Neutron Exposure

This section discusses the recommended Relative Biological Effectiveness (RBE,) values
for estimating the probability of acute and early deterministic health 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 the primary target for early fatality
following external neutron exposure. These RBE4 values will be used by LLNL/NARAC
(in the LODI, NUKE, and HotSpot codes; see http://narac.llnl.gov), and SNL (in the
NUKE and Turbo FRMAC codes) for evaluation of deterministic health effects. .

Stochastic Effects Relative Biological Effectiveness (RBE;) and Quality Factor (Q)

Committed effective dose equivalent (CEDE) dose conversion factors (DCF) make use of
quality factors or alternately the radiation weighting factors (wr), and tissue weighting
factors (wr), 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
factor weights the absorbed dose for the RBE; of the radiation producing the absorbed
dose. The quality factor was chosen to encompass appropriate values of the RBE; of the
radiation, independent of the organ or tissue, or the biological endpoint under
consideration (ref 1. ICRU, 1993). The quality factor applies primarily to low-dose
radiation exposures and does not hold linearly with increasing levels of absorbed dose. Q
values are chosen by committee and are associated with the linear energy transfer (LET),
of the radiation in water.

The CEDE DCEF values should not be 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, not specific 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 and has a range of 5 to 10 Sv/Gy.
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Deterministic Effects Relative Biological Effectiveness, (RBEg)

To evaluate possible deterministic effects, the RBE4 for the specific radiation type and
target organ or tissue is required. In the particular case of internally deposited radioactive
material, the principal high LET radiation is the alpha particle, and the RBE, is required
to evaluate deterministic health effects. For external neutron exposure, the RBE4 for the
red marrow is required.

A review of current literature revealed that for acute and early effects, an RBE4 of 7 for
the lung and an RBE, of 2 for the red marrow are appropriate for high-LET radiation,
such as alpha particles (ref 2. IAEA-TECDOC-1432, 2005, and ref 3. NUREG/CR-4214,
1993). The IAEA document also recommends an RBE4 of 3 for external neutron dose to
the red marrow.

The following Table is from IAEA-TECDOC-1432, page 99, lists the recommended
RBE, values for the lung and red marrow.

Relative Biological Effectiveness of Radiation for Severe Deterministic Health Effects

Radiation Lungs Red marrow
Photons (gamma- and X-rays) 1
Electrons and positrons. including B~ and " particles
Neutrons
Alpha particles

1
1
3
2

] |

The following figure is from NUREG/CR-4214 Fig. 2A.1, page 24, and also indicates the
use of an RBEg of 7 and 2 for deterministic effects in the lung and red marrow,
respectively, for the alpha dose component due to inhaled or ingested radioactive
material.

‘‘‘‘‘‘‘‘

0 0.25 DI.5 0.75 1.0
HIGH-LET FRACTION OF THE DOSE

Figure 2A.1  Predicted linear relationships between RBE,;, for deterministic effects and the fractio
of the total dose due 1o high-LET alpha radiation, for combined, high dose-rate exposw
of the lung or bone marrow to alpha and low-LET beta and gamma radiations. It we
assumed that beta and gamma radiations were equally effective for the same pattern ¢
irradiation, The slope of the organ-specific curve is equal to one less than the RBE f
the alpha radiation. For deterministic effects in lung, a value of 7 was used for RBE,
for bone marrow, & value of 2 was used.
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K. F. Eckerman and R. W. Leggett (ref. 4, DCFPAK Version 2.2) of Oak Ridge National
Laboratory provided the acute DCF values (Gy/Bq) used for evaluating deterministic
effects. These DCF data contain the Gy/Bq for both high and low LET radiations for
various target organs and tissue. At the present time, a 30-day time integration period is
used by both the IAEA and NRC for estimating the probability of early deterministic
effects. The unit of the 30-day committed RBE-weighted absorbed dose to the lung or
red marrow is the Gy-equivalent (rad-equivalent, etc.). The RBE-weighted DCF is
defined as follows,

DCFra: (Gy-equivalent /Bq) = DCF (low LET-Gy/Bq) + RBE, * DCF (high LET-Gy/Bq)

Based on the above recommendations, HotSpot will use an RBEq4 of 7 for the lung and an
RBE, of 2 for the red marrow. These values will be applied to the high LET values for
calculating early organ dose DCFs using ORNL's DCFPAK 2.2 data files. All other
organs were assigned an RBE value of 1.

A default RBEq of 3 will be used in HotSpot for calculation of the red marrow neutron
dose from nuclear explosion prompt neutrons.

References

1. International Commission on Radiation Units Measurements, “Quantities and Units in
Radiation Protection Dosimetry.” Bethesda MD, ICRU, Report Number 51, 1993.

2. International Atomic Energy Agency, “Development of an extended framework for
emergency response criteria.” IAEA-TECDOC-1432, January 2005.

3. NUREG/CR-4214, Rev. 1, Part II, Addendum 2, LMF-136, “Health Effects Models for
Nuclear Power Plant Accident Consequence Analysis,” May, 1993.

4. Eckerman, K. F., Leggett, R. W. Personal communication, DCFPAK 2.2: Updated
Dose and Risk Coefficient Database for Rapid Assessment of Radiation Doses, 2010.

Dose Terminology

Radioactive materials emit one or more forms of energy that can have harmful effects on
the human body. The degree of injury to the body is determined by the type, amount, and
location of the absorbed energy. Radiation dose is a general term that can have different,
but related, definitions. Radiation dose can refer to the actual quantity of energy
(independent of the form) that has been absorbed by some material, such as human tissue.
However it can also refer to a quantity that accounts for the amount of biological damage
caused by the particular kind of energy being absorbed. The distinction between these
meanings is made by using one of the following terms:
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Absorbed Dose: This is a quantity of energy that has actually been absorbed into the
material. It is independent of the type of energy and does not reflect the biological
effects on the material. The unit for the absorbed dose is the rad or gray (SI unit).

Dose Equivalent: Each type of ionizing radiation may have a different ability to cause
biological damage. Therefore equal absorbed doses from two different types of
radiation may produce very different affects on the organs of the human body. A
“quality factor” (unique to each type of energy) is used to convert absorbed doses to a
quantity, the dose equivalent, which can be directly compared with other converted
absorbed doses (for the same organ), and whose magnitude is proportional to the
amount of potential biological damage caused by the absorbed dose. Dose equivalents
are measured with the unit of rem or sievert (SI unit), and apply to a specific organ or
tissue of the body. There are a few additional terms that can modify this meaning of
dose equivalent:

Effective Dose Equivalent (EDE): Dose equivalent to the individual organs can be
combined (through the use of tissue weighting factors) to calculate the sum of the
dose equivalents as applied over the entire body. When this is done the resulting
dose is the effective dose equivalent.

Committed Dose Equivalent (CDE): Radioactive material that is retained by the
body (through inhalation and retention in the lungs, for example) can continue to
produce a significant dose over the remainder of the individual’s life. Once the
material is retained, or committed to the individual, there is little that can be done
to avoid the future dose. The committed dose equivalent is the dose equivalent
that will be delivered to a particular tissue or organ (lung, liver, thyroid, etc.) of
the body over a specific time interval, for example, the next 50 years after intake
of the material. In HotSpot, the 50-Year committed dose equivalent is output.

50-Year Committed Dose Equivalent. The unweighted 50-year committed dose
equivalent (rem, Sv), received by an individual’s target organ(s) due to remaining
at the specified location throughout the entire radioactive material release The
dose is calculated by multiplying the integrated air concentration by the dose
conversion factor (DCF) contained in the HotSpot Library:

50-year CDE (T) = Chi ([Ci-s]/[m3]) x DCF(T) ([rem-m3]/[Ci-s]), rem
Where:

T is the applicable target organ (for example, lung, and DCF(7) is the dose
conversion factor for the target organ).

Committed Effective Dose Equivalent: Sum of the CDE to the individual organs
and tissues (using the appropriate weighting factors) to calculate a combined dose
as applied over the entire body.

50-Year Committed Effective Dose Equivalent (CEDE): The 50-year
committed effective dose equivalent (rem, Sv) received by an individual
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due to remaining at the specified location throughout the entire radioactive
material release. This value is the sum of the 50-year committed dose
equivalents to various tissues in the body, each multiplied by the
appropriate weighting factor.

Total Effective Dose Equivalent (TEDE): The radioactive material producing the
dose equivalent may be external to the body (for example when the material is on
the ground or is in the air surrounding the individual), or internal (as when the
individual has ingested, or inhaled and retained the material). The Total Effective
Dose Equivalent (TEDE) is the sum of the EDE (caused by the external material)
and the CEDE (caused by the internal material). The TEDE is the most complete
expression of the combined dose from all applicable delivery pathways.

CEDE vs. TEDE. The HotSpot output dose values, due to plume
passage, have always included the cloud submersion effective dose
equivalent (EDE) with the inhalation committed effective dose
equivalent (CEDE). Starting with HotSpot version 2.06, the label,
CEDE was replaced with TEDE (total effective dose equivalent) to
reflect the cloud submersion component.

TEDE = CEDE (inhalation) + EDE (submersion)

If Include Ground Shine and/or Include Resuspension are checked
under the Setup tab, the EDE from ground shine and/or resuspension
will be included in the TEDE value.

P HotSpot Version 3.0 —|olx|
File Help
Models | Source Term | Meteorology | Receptors Setup | output |
~Terrain = Units Distance Units
@ Standard - Consenvative Option @ Classic {rem, rad, Ci) & Metric
© Ciy: Large Metropolitan Area "SI (Siever, Gray, By " English
™ Input Surface Roughnees Explosion Model AF Distribution
Wind Ref Height | | Sample Time | | Source Geometry — | | Default HotSpat Veertical AF Distrio
IWL ‘ l_r;mm  Simple = | Change/View A= Digtributio
C Complex
Mixing Layer | ;
I™ Enable lnversion LEF L)
#FFGR11 C FGR13 © Acute (0-days)
Resispension ~Breathing Rate
d)ptine (Weathering Conection Factor - Nore) E04 i
F Include Resysffension Factor : Maxwell-Anspaugh)
poee?® |ime: (Start: 0.00 days; Duration: 0.00 days) Holdup Tirne
I Change Exposure Parameters [0 min
Contour Values Non-respirable Deposition Velocity
~TEDE (rem ition (uCi/m2) B o’
Inner  [5.00E03 Inner  [100.00
Middle [200E-03 Midde  [10.00 ‘Wet Depasition
e L Ty a— I™ Enable Rainout
& uCim2 ¢ dpmd(i00 em2)

TEDE = CEDE (inhalation) + EDE (submersion) + EDE (ground shine)
+ EDE (resuspension)

RBE-weighted Absorbed Dose: Each type of ionizing radiation may cause different

types of biological damage. Therefore, equal absorbed doses from two different types
of radiation may produce very different affects on body organs. The RBE-weighted
absorbed dose is the product of the absorbed dose in an organ or tissue and the
relative biological effectiveness (RBE) of each radiation component. The RBE-
weighted absorbed dose is intended to account for differences in RBE in producing
deterministic effects associated with acute (dose received in the first day), or early
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(dose received in the first 30 days) exposure. The unit for the RBE-weighted absorbed
dose is the rad-equivalent or gray-equivalent (SI unit).

Committed RBE-weighted Absorbed Dose: Radioactive material that is retained by
the body (through inhalation and retention in the lungs, for example) can continue to
produce a significant dose over the remainder of the individual’s life. Once the
material is retained, or committed to the individual, there is little that can be done to
avoid the future dose. The Committed RBE-weighted Absorbed Dose is the RBE-
weighted Absorbed Dose that will be delivered to a particular tissue or organ (lung,
red marrow, SI wall, etc.) of the body over a specific time interval, e.g., the next 30-
days after intake of the material.

1-day Committed RBE-weighted Absorbed Dose: The 1-day committed RBE-
weighted absorbed dose (rad-equivalent, Gy-equivalent) received by an
individual’s target organ(s) due to remaining at the specified location throughout
the entire radioactive material release

4-day Committed RBE-weighted Absorbed Dose: The 4-day committed RBE-
weighted absorbed dose (rad-equivalent,Gy-equivalent) received by an
individual’s target organ(s) due to remaining at the specified location throughout
the entire radioactive material release

30-day Committed RBE-weighted Absorbed Dose: The 30-day committed RBE-
weighted absorbed dose (rad-equivalent, Gy-equivalent), received by an
individual’s target organ(s) due to remaining at the specified location throughout
the entire radioactive material release.

Total RBE-weighted Organ Dose (TOD): The radioactive material producing the total
organ dose may be external to the body, such as when the material is on the ground or
is in the air surrounding the individual, or internal, such as when the individual has
ingested or inhaled and retained the material. The Total RBE-weighted organ dose is
the sum of the organ dose (caused by the external material) and the 30-day committed
RBE-weighted absorbed dose (caused by the internal material). The TOD is the most
complete expression of the combined dose from all applicable delivery pathways to be
used for assessing potential acute and early deterministic health effects:

TOD = Committed RBE-weighted Absorbed Dose (inhalation)
+ RBE-weighted Absorbed Dose (cloud shine)
+ RBE-weighted Absorbed Dose (ground shine)
+ RBE-weighted Absorbed Dose (resuspension)

The new terminology for ICRP60+ is shown in the following Table.
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Comparison between old and new ICRP terminology

Old ICRP 26/30 New ICRP 60/68

(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
Quality factor Radiation weighting factor
Weighting factor Tissue weighting factor
Total effective dose equivalent Total effective dose

Dose Conversion Factors

HotSpot uses the radiation dosimetry methodologies recommended by the International
Commission on Radiological Protection (ICRP). These methodologies are summarized
in Federal Guidance Report No. 11 (FGR-11), Federal Guidance Report No. 12 (FGR-
12), and Federal Guidance Report No. 13 (FGR-13). FGR-11 provides dose coefficients
in the form of 50-year integrated dose equivalents for acute inhalation of radionuclides
and is based on the biokinetic and dosimetric models of ICRP Publication 30 (1979,
1980, 1981, 1988). FGR-12 provides dose coefficients in the form of dose per unit time-
integrated exposure for external exposure to radionuclides in air, water, or soil. FGR-13
provides dose coefficients using the new ICRP-66 lung model and ICRP series 60/70
methodologies.

Summary

HotSpot FGR-11 Option
e Old Lung Model (ICRP-30)
e ICRP Publication 26 (1977) Tissue Weighting Factors
e Absorption Types D, W, Y

HotSpot FGR-13 Option
e New Lung Model (ICRP-66)
e ICRP Publication 60 (1991) Tissue Weighting Factors
e Absorption Types F, M, S
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9. Glossary

The following are brief descriptions for many of the terms used in the HotSpot program.
More detailed definitions can be found in the program’s online help.

Absorbed Dose—The amount of energy imparted by ionizing radiation to a unit mass of
absorbing material. The SI unit is the centigray (Gy), and the English unit is the rad. (1
Gy =100 rad; 1 ¢cGy = 1 rad.; see Radiation Dose).

Acute Radiation Exposure—A dose of ionizing radiation delivered in a short period of
time, from seconds to days.

Aerodynamic Diameter—The diameter of a unit density (1 g/cm3) sphere that has the
same settling velocity as the actual particle.

Aerosol—System of colloidal (finely divided) particles dispersed in gas (for example,
fog or smoke). Generally, aerosol refers to dispersed solid or liquid matter in a gaseous
medium.

Airborne Fraction—The fraction of the total quantity of material involved in a fire,
explosion, etc., that is released to the atmosphere.

Atmosphere—The gaseous envelope surrounding the earth. The chief constituents of the
atmosphere are nitrogen and oxygen, which make up 75% and 23%, respectively, of its
total mass. In addition, there are very small quantities of argon, neon, helium, and other
inert gases, methane, nitrogen dioxide, and hydrogen, as well as small, variable amounts
of water vapor, carbon dioxide, and, in the upper atmosphere, ozone.

Atmospheric Stability Classification—Meteorologists distinguish several states of the
atmospheric surface layer—unstable, neutral, and stable. These categories refer to how a

parcel of air reacts when displaced adiabatically in the vertical direction.

Chronic Radiation Exposure—A dose of ionizing radiation that is spread out over an
extended period of time, usually months to years.

Committed Dose Equivalent— See Section 8.
Committed Effective Dose Equivalent (CEDE)—See Appendix C.

Compass Direction—The horizontal direction expressed as an angular distance
measured clockwise from compass north.

Compass North—The uncorrected direction indicated by the north-seeking end of a
compass needle. (See also Magnetic North.)
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Contamination—The deposit and/or absorption of radioactive material or biological or
chemical agents on and by structures, areas, personnel, or objects. (See also Induced
Radiation; Residual Radiation.)

Coordinated Universal Time—Specifies that the associated time is equivalent to the
mean solar time at the prime meridian (0 degrees longitude). Formally known as
Greenwich Mean Time or GMT. Also referred to as Z or Zulu time.

Coordinates—Linear or angular quantities which designate the position that a point
occupies in a given reference frame or system. Also used as a general term to designate
the particular kind of reference frame or system such as plane rectangular coordinates or
spherical co-ordinates. (See also Geographic Co-ordinates; GEOREF.)

Deposition Velocity—(cm/s). The ratio of the observed deposition flux (in units of
uCi/(cm®-s), for example) and the observed air concentration near the ground surface
(uCi /em?).

Derived Intervention Level—Developed by the U.S. Food and Drug Administration
(FDA 1998), these levels specify the concentration of radioactive materials in food that,
if ingested in a manner consistent with a set of assumptions used by the FDA, will
produce a committed dose equivalent (see Radiation Dose) to an individual that exceeds
the ingestion Protective Action Guides.

Derived Response Level—Relates a Protection Action Guide (PAG) to a concentration
of radioactive material at which the PAG will be exceeded, using a set of selected
assumptions. DRLs are typically used when employing the PAGs for ingestion of
contaminated foods in order to relate the Food and Drug Administration’s Derived
Intervention Levels to specific surface deposition concentrations for a particular
radioactive material and ingestion pathway (see Protective Action Guides: Intermediate
Phase PAGs: Ingestion PAGs).

Dose Equivalent—See Section 8.

Dose Rate Contour Line—A line on a map, diagram, or overlay joining all points at
which the radiation dose rate at a given time is the same. Radiation dose levels within the
contour are higher than the contour line value, and radiation dose levels outside the
contour are lower than the contour value.

Effective Dose Equivalent (EDE)—See See Section 8.

EPA Action Guides—The Environmental Protection Agency (EPA) has established
Protective Action Guides (PAGs) to guide actions (e.g., evacuation) in the event of an
environmental accident.

FIDLER Calibration—The FIDLER program is used to calibrate a FIDLER (Field
Instrument for the Detection of Low-Energy Radiation) for measurement of plutonium
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contamination on the ground. However, the program can be applied to any instrument
suitable for measuring external radiation levels and non-plutonium mixtures, e.g., using a
Geiger-Mueller instrument for the measurement of 137Cs ground contamination.

Fireball—The luminous sphere of hot gases formed a few millionths of a second (micro-
seconds), after detonation of a nuclear weapon.

Fission—The process whereby the nucleus of a heavy element splits into (generally) two
nuclei of lighter elements, with the release of substantial amounts of energy.

Fission Products—A general term for the complex mixture of substances produced as a
result of nuclear fission.

Flash-to-Bang Time—The time period that extends from the beginning of radiation light
until the sound of the nuclear detonation. The measured flash-to-bang time is used in
connection with the estimation of the yield that has been detonated.

Fusion—The process whereby the nuclei of light elements combines to form the nucleus
of a heavier element, with the release of tremendous amounts of energy.

Geographic Coordinates—The quantities of latitude and longitude that define the
position of a point on the surface of the earth with respect to the reference spheroid. (See
also Coordinates.)

IMAAC— The National Response Framework designates the Interagency Modeling and
Atmospheric Assessment Center (IMAAC) as the single Federal source of airborne
hazards predictions during incidents requiring federal coordination. IMAAC is
responsible for coordinating and disseminating predictions of the effects from hazardous
chemical, biological, and radiological releases.

Induced Radiation—Radiation produced as a result of exposure to radioactive materials,
particularly the capture of neutrons. (See also Contamination; Residual Radiation).

Inversion Layer Height (Mixing Layer Height)—Elevation at which the temperature
gradient is inverted (temperature begins to increase with increasing altitude). The
inversion layer acts like a blanket that limits the vertical mixing of the released
radioactive material. The region below the inversion layer is also referred to as the
mixing layer.

Ionizing Radiation—Electromagnetic radiation (gamma, X rays), or particulate radiation
(alpha, beta, neutrons, etc.), capable of producing ions (directly or indirectly) as the

radiation passes through matter.

Isodose Rate Line—See Dose Rate Contour Line.
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Lethal Dose 50/60— The ionizing radiation dose to the whole body which would be fatal
to 50 percent of the exposed personnel in a time period of 60 days.

Maximum Dose Distance—The location associated with the maximum dose received by
an individual remaining at the stated location throughout the radioactive material release.

Military Grid—Two sets of parallel lines intersecting at right angles and forming
squares; the grid is superimposed on maps, charts, and other similar representations of the
surface of the earth in an accurate and consistent manner to permit identification of
ground locations with respect to other locations and the computation of direction and
distance to other points.

Military Grid Reference System (MGRS)—A system that uses a standard-scaled grid
square, based on a point of origin on a map projection of the surface of the earth in an
accurate and consistent manner to permit either position referencing or the computation
of direction and distance between grid positions.

Mixing Layer Height—See Inversion Layer.

Mixture Library—A list of radionuclides available in HotSpot. A custom radionuclide
mixture can be created for use with the general dispersion models in HotSpot (General
Plume, General Fire, General Resuspension).

NARAC-- National Atmospheric Release Advisory Center. The National Atmospheric
Release Advisory Center, NARAC, provides tools and services that map the probable
spread of hazardous material accidentally or intentionally released into the atmosphere.
NARAC provides atmospheric plume predictions in time for an emergency manager to
decide if taking protective action is necessary to protect the health and safety of people in
affected areas. For additional information,

Web: http://narac.llnl.gov

Natural Background Radiation—Ilonizing radiation that comes primarily from cosmic
rays, radioactive material in the earth (such as uranium md thorium), food (such as
potassium-40), and radon gas. The average annual radiation dose from natural
background sources is 0.3 rem or 3 mSv. Medical procedures such as x rays and
diagnostic test using radioactive material contribute an additional radiation dose of
approximately 0.06 rem per year (0.6 mSv).

Neutron Induced Activity—Radioactivity induced in the ground or an object as a result
of direct irradiation by neutrons.

Non-ionizing Radiation—Non-ionizing radiation does not have enough energy to

remove electrons from neighboring atoms. Examples of non-ionizing radiation are radio
waves, lasers, microwaves, and visible light.
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Nuclear Weapon—A complete assembly (i.e. implosion type, gun type or thermonuclear
type) in its intended ultimate configuration which, upon completion of the prescribed
arming, fusing and firing sequence, is capable of producing the intended nuclear reaction
and release of energy.

Nuclear Yield—See Yield

Plutonium—A heavy metal such as lead or uranium. Plutonium is radioactive and emits
primarily alpha radiation.

Prompt Thermal Radiation—The radiation emitted from the heated air of the fireball
within the first minute (or less), following the nuclear detonation. For burst altitudes
below approximately 100,000 feet, roughly 35 to 45 percent of the total energy yield of
the explosion is emitted as prompt thermal radiation. The actual percent of the total
energy that appears as prompt thermal radiation depends on the burst altitude, total yield,
and specific characteristics of the nuclear device. In HotSpot, the effective thermal
partition is 18% for a surface burst fission device. The energy of a nuclear explosion is
partitioned as follows,
50% Blast and ground shock
35% Thermal Radiation (Effective partition = 18% for surface burst)
15% lonizing Radiation
5% Prompt (first minute)
10% Delayed (minutes to years)

Protective Action Guides (PAGs)— The projected dose, from an accidental release of
radioactive material, where specific actions to reduce or avoid dose are warranted.

Quality Factor (Q)— The principal modifying factor that represents the biological
effectiveness of different radiation types with respect to induction of stochastic effects. It
is used to calculate the dose equivalent from the absorbed dose. The absorbed dose,
expressed in rad or Gy, is multiplied by the appropriate quality factor to obtain the dose
equivalent

Radiation Dose—See Section 8.

Receptor Height—Height above the ground from which the output dose data are
determined. HotSpot default value is 1.5 meter.

Relative Biological Effectiveness (RBE)-- The RBE of a given type of ionizing
radiation is a factor used to compare the biological effectiveness of absorbed radiation
doses (i.e., rads) due to one type of ionizing radiation with that of other types of ionizing
radiation; more specifically, it is the experimentally determined ratio of an absorbed dose
of a radiation in question to the absorbed dose of a reference radiation required to
produce an identical biological effect in a particular experimental organism or tissue.
(See Section 8).
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Residual Radiation—Nuclear radiation caused by fallout, radioactive material dispersed
artificially, or irradiation which results from a nuclear explosion and persists longer than
one minute after burst.

Respirable Fraction (RF)—The fraction of the airborne material that is respirable (less
than 10 microns aerodynamic diameter. In HotSpot, the RF is assumed to have an
Activity Median Aerodynamic Diameter (AMAD) of 1 micron.

Respirable Release Fraction—The fraction of the total quantity 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 is used to determine the inhalation, ground-shine, submersion ,
and resuspension doses due to the respirable component.

Resuspension Factor—The ratio of the air concentration to the ground concentration
(1/m). In HotSpot, the resuspension factor is determined using measurements of the
ground contamination (Ci/m”) and the radionuclide air concentration (Ci/m’) above the
ground measurement location.

Sample Time— In the HotSpot codes, this averaging time is referred to as the sampling
time. The equations for the standard deviation of the Gaussian concentration distribution
in cross-axis direction (sigma-y) are representative of observing plume characteristics
over a time period of 10 min. Concentrations downwind from a source decrease with
increasing sampling time primarily because of a larger sigma-y due to an increased
meander of wind direction.

Stability Classification— Meteorologists distinguish several states of the atmospheric
surface layer—unstable, neutral, and stable. These categories refer to how a parcel of air
reacts when displaced adiabatically in the vertical direction.

Thermonuclear Weapon—A nuclear weapon in which very high temperature and
pressure are used to bring about the fusion of light nuclei such as those of hydrogen
isotopes (e.g. deuterium and tritium) with the accompanying release of energy. The high
temperatures required are obtained by means of an initial fission device.

Time of Fall (Fallout)—The time required for the average size particle (25—75 microns)
to fall from the cloud bottom to the ground.

TNT Equivalent—A measure of the energy released from the detonation of a nuclear
weapon, or from the explosion of a given quantity of fissionable material, in terms of the
amount of TNT (trinitrotoluene) that could release the same amount of energy when
exploded.

Total Effective Dose Equivalent (TEDE)—See Section 8.
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Universal Transverse Mercator Grid (UTM)—A grid coordinate system based on the
transverse Mercator projection, applied to maps of the earth’s surface extending to 84
degrees N and 80 degrees S latitudes.

Universal Transverse Mercator (UTM)—A transverse Mercator projection is

the ordinary Mercator projection turned through a 90 degree angle so that

it is related to a central meridian the same way that an ordinary Mercator

is related to the equator. Because the cylinder is tangent to the globe at

a meridian, the scale is true along that meridian, which is called the central meridian, and
is used as the origin of the map X coordinate. The origin of the map Y coordinate is the
equator. UTM projection is in zones that are 6 degrees wide. The reference ellipsoid is
Clarke 1866 in North America. The unit of measure is the meter. For the southern
hemisphere, a false northing of, 10,000,000 meters is used. A false easting of 50,000
meters is used for the central meridian of each zone. The zones are numbered beginning
with 1 for the zone between 180 degrees West and 174 degrees West and increasing to 60
for the zone between meridians 174 degrees East and 180 degrees East. The latitude for
the system varies from 80 degrees North to 80 degrees South. For example, San
Francisco is located in zone 10.

Uranium—A heavy metal somewhat like lead. Uranium is a naturally occurring mineral
that is mildly radioactive. In nature, uranium consists mostly of the isotope U-238, with
small quantities of U-235 (about 0.7 % by mass), and extremely small quantities of U-
234. Natural uranium is only mildly radioactive, emitting alpha and beta radiation, and
low levels of gamma radiation. The half life of U-238, the major constituent of natural
uranium, is 4.5 billion years. Uranium involved in a nuclear weapon is usually in the
chemical form of uranium oxide.

Yield—The energy released in the detonation of a nuclear weapon, measured in terms of
the kilotons or megatons of trinitrotoluene required to produce the same energy release.
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