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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.

System Requirements

HotSpot requires the following:
« Windows® 95/98/2000/NT/XP/Vista operating system
e 64 megabytes RAM
e 300 megabytes disk space
e Optional GPS device (NMEA 0183 output format)

Contacting NARAC for HotSpot Support

This program is designed for short-term (less than a few hours) release durations. Users
requiring radiological release consequences for release scenarios over a longer time
period, complex terrain; multi-location real-time wind-field data; etc., should contact
Lawrence Livermore National Laboratory’s National Atmospheric Release Advisory
Center (NARAC), which operates a real-time operational atmospheric hazard assessment
system. NARAC also 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.linl.gov
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2. Introduction

The Department of Energy funds ongoing development of the HotSpot Health Physics
Codes. The HotSpot program has been distributed worldwide since 1988. HotSpot codes
are a conservative (estimated radiation dose data are usually greater) estimation of the
radiation effects associated with the atmospheric release of radioactive materials.

W rotspot ~lol x|

File Help
Models: T SDurceTermT heteorology T Feceptars T Setup T Output

—Atrmosphetic Dispersion Models

" Plutonium Explosion " Plutonium Fire ¢ Plutonium Resuspension
 Uranium Explosion = Uranium Fire = Tritium Release

& General Explosion " General Fire " General Resuspension
 General Flume

rSpecial Purpose Programs

 Nuclear Explosion " FIDLER Calibration & Lung Screening
 Radionuclides inthe Workplace

Hotspot Help |
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 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.

2-1
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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.

¥ Nuclear Explosion =1o]x]
Nuclear Explosion rTextFiles ————————————_Contour Plots - Computer Display
Muclear ield Nuclear EffectsTable Output | Create Fallout Contour Plot
I 10.0KT Save Table Qutput | ——

Yiew Saved Table Output Files | & Plurme Centerine ¢ Compass

Contour Plots - Mapping Files

Eff. \Wind Speed
6.80 m/s
¥ Append Fallout Fallout Contour File (KML) |
Prompt Effects Files (KML) |

Prornpt Neutron REE
W & d3
I 3.0 Fpen HHIITE ™ Prompt Contour Effects
I™ Display H+1 reference dose rate | [ Gt s

Wind Direction Hotspot Mappin
’V 270 Wind from the West ‘ ’7 o [
Fallout Exposure Time and Sheltering Yalues for Tables and Contour Flots
& |N|:| Shielding j Shielding Transmission Fac‘turs—‘
rCDnlOU{J\EﬁI\.\JEG e ‘_mpn-,,t‘b“,-...-:._u T |— L._1onoq, —|_
Ut~ Digeariritivet manth IS : | Fallout Dose:(rem).oity |  Toseintirstsich
 Dusainfirstyaar || Prompt Mewimn 1.0000 I Innee—{1 00E-+03 ([ =7 Daserinirst daye
Wt T User Selection " Fallowt 1.0000 I | iddle |5 n0E+07 mi!:tj;se infirst 4-da
= Farameters: der. [700E-02 [ liOhange. Exposw

Expasure Time
eathizring Co

7(Start 0.00 days: Duration: 1.00 dlays) -
rrection Factor: Mane
sp Ui o) SN

| Detonation Location: 35.00722MN106.43690%

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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" FIDLER Calibration -0 x|
File About
{Calibration T Mixture T Lung Screen T Calibration Setup T Equiprnent .0,
~Data Entry Text File Output
Radial 60-ke¥ ¥Window 17-ke¥Y Window
Position Total. 5 Total. S Texi File |
{cm) counts counts
0 36.835 15048 Save Text File |
20 23118 8,602
40 9,806 3,148 Yiew Saved Files |
&0 4,614 1,318
ill] 2584 766
100 1.684 582
Background 750 450 Clear |
Efficiency (Sa) Detection Limits Bkg Source K sdev
cpm cpm Area Point
ugfm2 uCifm2 uCifm2 uCi cpm cpm m2 %
Am-241 Window
( |a6E+01 [5.0E+02 |26E-01 [13E-001 | 750 | 36085 051 | 36 ‘
17-ke¥ Window
( |5.5E+01 [6.0E+02 [1.7E-01 [84E-02 | 450 | 14598 | 050 | 6.7 ‘
[~ QA Gragh -

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.

IV Radionuclides in the Workplace

=10l x|

—~Radionuclide Information

Plutonium

ALl : Non-stochastic (FGR-13 5 um AMAD) —

|Pu—233 M 87.74y

[ 5E+02 B (1E-02 uCi)

DAC

| Change Radionuclide | I

2E-01 Boym3 (5E-12 Ci/m3 )

—Specific Activity
I 6.34E+11 Bo/g (1.71E+01 Cifg)

Type of Operation

 Simple Wet

~Workplace Requirements

Maxi Reco
Type 1 Workplace

ded Activity

¢ Storage ﬁ 1.0E+05 Bq {2.7E+00 uCi)

Type 2 Workplace
’7| 1.0E+08 Bq (2.7E+03 uCi)

& MNaormal

Recommended Workplace

¢ Simple Dry “
i Complex et

Total Activity

Type 1 Workplace H\Msgr:_dﬁ; ‘

[ % Diny and Dusty | 1

T D0E=00 i ||

Type 1 Type 2 S ([0 Hazard Guide
- 0.00E+00 g 17E15
Typed Print | —

[~ Mass (tatal |
! 2Py i
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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 dose calculations. The JFD uses 9 wind speed groups, and
users can change the wind group values.

Fros: lolx]
File Help
Models T Source Term T Meteoralogy T Feceptors T Setup T Output
r TextFiles ~Plume Centerline Plots

Table Qutput

Acute Dose Graph |

Save Table Output |
Yiew Saved Table Output Files |

& Plume Centetline ¢ Compass

Ground Deposition Graph |

[~ Display all Dose Compaonents - Contour Plots - Mapping Files
Acute Dose Contour File {_KML) |

[~ Append QC Data
Deposition Contour File ( KML) |

~ Contour Plots - Computer Display
[~ Contour Options

Acute Dose Contour Plot |

Ground Deposition Contour Plot |

& Plume Centerling ~HotSpot Mapping

 Compass

¥ Display 50% Lethality Contaur

[~ Default Source Location: Unknown Fielease Location Slte Met Data >
d

File: C:\Program Files\Hotspot 2.07\HotSpot20¥MetData\ExampleSequentialData.inp

File
| otal Eftective Dose Percentile Yalues
Fercentile-A Percentile-B - Percentile-C - Percentile-D- Percentile-E
50 th a0 th a5t | 99t | 995th
HaotSpot Default Yalues | Create Percentile Table
[~ ‘Write All sorted Freguency Data to Disc
[T Calculate Individual hourly data (Mo wind grouping)
WO: [ 010 Group 0: WO <= u <= Wi Display JFD |

Wi1: | 050  Group1:W1< u<=-W2 Change Wind Group |
w2 : 1.00 Group 2 : W2 <« u<=W3
W1 2.00 Group 3 : W3 <« u<=W14
WA - 3.00 Group 4: W4 ¢ u <=Wh
Wh - 4.00 Group b :Wh <« u<=Wb
W6 : 5.00 Group 6 :WE < u <= W7
W7 6.00 Group 7 : W7 < u<=W8i
wa:- | 8.00 Group 8 : u > Wi
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Additional Information and HotSpot Help

Wrospot 1ol
File Help
‘Models T SourceTermT MetearolugyT Feceptors T Setup T Cutput

~Atrmospheric Dispersion Models

¢ Plutonium Explosion " Plutonium Fire  Plutonium Resuspension
" Uranium Explosion ° Uranium Fire  Tritium Release

@ General Explosion " General Fire " General Resuspension
" General Flumea

—Special Purpose Programs

" Nuclear Explosion " FIDLER Calibration & Lung Screening

Hotzpot Help |

Hotspot QC |

" Radionuclides inthe Workplace

HotSpot help provides additional information. There are also hot buttons within the
program. When scrolling over select fields, additional information will be displayed.

o =] ]
Fil=  Help _
Models TESourceTermér Meteoro\ogyT Receptors T Setup T Output
Model I FPlutonium Fire

tatarial at Risk. Darmage Ratio
IWEﬂpuns Grade Pu | I kg | 1.000
Leakpath Factar
Deposition Welocity: Specific Acthity 1.000
ﬁ 0.30 crrfsec } “ 8.10E-02 Ci/g M

’rRadionuclide

—Airborme Fraction
I 1.00E-02

—Respirakle Fraction
| EO0E-N2 | Respirable Release Fraction = 5.00E-04

—Fugl Fire Informatian »
" Enter Cloud Top Fuel Yolume Felease Radius Air Temp.
" Enter Heat Emission Rate “30_0 gal \ ’7 Im_g m W ’7 |2D degC
& Enter Fuel and Burn duration

Fraction of the impacted Material at Risk that is dispersed into the atmosphere with an AMAD of 1 micrometer
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HotSpot QC

The HotSpot program has been designed with a 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 Control Oct 27, 2007 07:35 AM

~HotSpot QC
¥ Pass - Nuclear Explosion

¥ Pass - Plutonium Explosion
v Pass - Plutonium Fire

¥ Pass - Plutonium Resuspension

¥ Pass - Uranium Explosion

v Pass - Uranium Fire

v Pass - Tritium Release

v Pass - General Explosion

¥ Pass - General | Fire

¥ Pass - General | Resuspension

v Pass - General Plume

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 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 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-
11223 (DE82002045), prepared for the Office of Health and Environmental Research,
Office of Energy Research, U.S. Department of Energy, 1982).
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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

Hotspot Library

~Fadionuclide

Cobalt Wiew Inhalation DCFs | {Beturn
Yiew Submersion DCFs | Print |
ICO—GO w  5.271y j
“iew Ground Shine DCFs |
I FGR 11412 DCF walues. ICRF series 30.
rInhalation Dose Conversion Factors (rem [/ curie)
Fi Marraw 1.57E+04 LILI Wl 2. 18E+04 Adrenals I 257E+04
Lung 1.32E+05 LLI Wl 3.02E+04 Skin I 9.73E+03
Slvvall 1.76E+04 Kidneys 1.67E+04 Spleen I 1.93E+04
Thiyroicl 1.36E+04 Liver 3.39E+04 Testes I 9.92E+03
Elioes) 1.54E+04 Bld Vall 1.27E+04 Thymus I 2.96E+04
E=ophagus 2.96E+04 Muzcle 154E+04 Erain not listed
Stiwvall 1.99E+04 Griizs 1.50E+04 Unems I 1.42E+04
B Surface 131E+04 Fancreas 221E+04
C8l & Classic One micron AMAD  50-yr CEDE | 3.31E+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 (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 (ORNL dose conversion factor data base: DCFPAK 1.6, 2007).
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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 —
ORNL DCFPAK 1.6, 2007).

A one micrometer activity median aerodynamic diameter (1 AMAD) is assumed. Hotspot
supports both classic units (rem, rad, curie) and Sl (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 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

Quaity factor

Radiation weighting factor

Weighting factor

Tissue weighting factor

Total effective dose equivalent

Total effective dose
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Using a Hotspot Program

3. Using a HotSpot Program

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

of the HotSpot program.

File Help
iModels T Source Term T Meteorology T Receptars T

Atmospheric Dispersion Models

" General Plume

Special Furpose Frograms

" Radionuclides inthe Woarkplace

" Plutonium Explosion " Plutonium Fire " Plutonium Resuspensian
" Uranium Explosion " Uranium Fire " Tritium Release
+ General Explosion " General Fire " General Resuspension

™ Nuclear Explosion " FIDLER Calibrafion & Lung Screening

Hotspot Help
Hotspot QC

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.

3-1
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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.

 Fadionuclide = =
Cobalt Wiew Inhalation DCFs | i Return I
View Submersion DCFs | Frint |
ICO—GO w  5.271y j
Wiew Ground Shine DCFs |
I FGR 11412 DCF walues. ICRP seties 30
~Inhalation Dose Corversion Factars {rern / curie)
R Marrow 1.57E+04 ULl Vsl 2. 18E+04 Adrenals I 257E+04
Lung 1.32E+05 LLI Wl 3.02E+04 Skin I 9.73E+03
Slall 1.75E+04 Kidneys 1.67E+04 Spleen I 1.93E+04
Thyraid 1.38E+04 Liver 3.39E+04 Tesies I 9.92E+03
Erzes 1.54E+04 Bld \Wall 1.27E+04 Thymmus I 2.96E+04
Esophadgus 2.96E+04 Muscle 1.54E+04 EBrain not listed
Stivall 1.99E+04 Crvaries 1.50E+04 Uterus I 1.42E+04
B Surface 1.31E+04 Pancreas 221E+04
sl @ Classic One micron AMAD  60-yr CEDE | 3.31E+04

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

File:

Help
todels

TSnun:e Term?T MeteDrDIUgyT Feceptors T

Setup T

g [ 3|

Cutput

hadel I

General Explosion

[co-60 w

5271y

"Radiunuclide

Change Radionuclide Source Term |

Deposition Yelocity
I 0.30 cmyfsec

Aitbome Fraction
I 1.00E+00

taterial at Risk Damage Ratio
[ 2.5000E+03Ci | 1.000
Leakpath Factor
1.000
High Explosive
250E+01 1b

[ 200E-01

’rRespirable Fraction

I Respirable Release Fraction = 2.00E-01 ‘

Material at Risk (MAR), is the total quantity of the radionuclide involved in the release

scenario. Damage Ratio(DR), is the fraction of the Material at Risk that is actually
impacted by in the release scenario. The Leakpath Factor (LPF) is the fraction of the
Material at Risk that passes through some confinement or filtration mechanism. For
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unmitigated release scenarios, the Leakpath Factor is 1. Airborne Fraction (AF) is the
fraction of the material at risk that is aerosolized and released to the atmosphere. The
Respirable Fraction (RF), is the fraction of aerosolized material that is respirable
(AMAD =1 micrometer). The Respirable Release Fraction is the fraction of the material
at risk that is dispersed into the atmosphere with an AMAD of 1 micrometer. (Respirable
release fraction = AF x RF). The Non-Respirable Release Fraction is the fraction of the
material at risk that is dispersed into the atmosphere with an aerodynamic diameter in
excess of 10 micrometers. (Non-respirable release fraction = AF x (1 — RF). The final
HotSpot respirable airborne source term is,

Respirable Source Term = MAR x DR x LPF x AF x RF
Non-respirable Source Term = MAR x DR x LPF x AF x (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 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 referenced at a 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. Wind Direction 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.
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File Help

Models T Source Taerm TEMeteumlogy‘;T Feceptars T Setup T

=10l

Outpaut

10-rmeter Wind Soeed Selectad Stability Class
[ 5.0 mfs I Display ind Chart { [ D

|

—Wind Direction

T

Wind from the NE

—Atmospheric Stabilty

Enter Solar Information - or- Enter the Actual Stability

‘ © Sun High inthe sky

-

VO E- Siizithy ciabls

‘ ' F-Moderately stable

" G- Special nighttime {low wind)

 A-%eny unstahle ‘

s

& v

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, 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.

File Help

Models T Source Term T Meteorology T Receptorsi T Setup T

=10l x|

Output

Return to Original Defaults

Sawve New Yalues

RBIEMSN_—
Location Designatars | IL

—Coordinate Positions for Table Output (ki)

W D1 D 1=003 @ p11|D11=1
wpzD2-01 W Diz[D12-2
W D30 3i-02 ~ D13[D 13-4
D40 4=03 ~ D14[D14=6
~ D5 |D&5=04 W D150 15-8
W~ Dg|DE=05 v D16/ 16=10
D7 |D7=08 @ D17[D17 =20
wDalDe=07 ~ D1g|D18=40
W DgDo-08 v D19|D 19 =60
~ p1o[D10-03 [ D200 20 - 80
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Wrotspot =lol x|
File Help
[ Models T SourceTermT MeteorologyT Feceptors T Setup | Output

adard - =o

3 rialits =] s Higlizho
Do ey |1 Dot AF Distaings

IR
ble Inversion - DCF Library
& FGR11 . FGR13 . Acute (1-day)

o e | —(E o

Fieturn to Original Defaults |

Under the Setup tab, replace any of the default values with those that are specific to the
release.

Terrain
* Standard : Conservative Option
" City: Large Metropolitan Area

Choosing City terrain will usually result in lower doses than those displayed for
Standard, due to the increased dispersion from larger building structures. Choosing
Standard terrain will usually produce the most conservative estimates (higher potential
doses).

Explosion Model AF Distribution
’7Default Hotzpot Wertical AR

[T Changefview AF Distribution

If a check is placed in front of Change/View Vertical AF Distribution, you will be
prompted to enter a custom vertical source distribution for the explosive release model.
The default values are base on experiments 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.

3-5



HOTSPOT V2.07 Using a Hotspot Program

- Airborne Source Component Cloud Distribution
Ny = 3

Fraction of Total AF

T 020000 |
> h(4) 0.35000

025000 B

.
é 0.16000
9

0.04000

. 1.00000

Fietum to Original Defaults

Return

Wiind Fef Height
’V I 10 meters —‘

-—h.l“\-r’il"‘lﬂ I =L ]

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.

Contourvalues
TEDE (rem Deposition {uCifm2)
Inner |2.50E+M Inner  |1000.00
MiddlelS.DDE+DD Middle |100.00

Outer [2.00E+00 Ouer [10.00

& uCifm2 © dpmf100 cm2)

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.

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
downwind from a source decrease with increasing sampling time primarily because of a
larger sigma-y, which is due to an increased meander of wind direction.

DCF Librany
’75' FGR 11  FGR13 = Acute (1-day) ‘
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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.

If a check is placed in front of Include ground shine, all output dose data will include

~Select & dose integration time period, and click on the "Retum® button
 Acute Intake - Dose in first 4 days

 Acute Intake - Dose in first 30 days (Federal Radiological Assessment Center [FRIMACT)
 Acute Intake - Dose in first 30 days (IAEA-TECDOC-1432 Jan 2005)

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

i~ High Linear Energy Transfer (LET) Relative Biological Effectivensss (REE)

& RBE=1 RBE - Iung

© REE-7 FRMAC DOEV&A NUREG/CR-4214. Rev. 2 Partl. 1993), and IAEA-TECDOC-1432
€ REE=10

© REE=20

i~ High Linear Energy Transfer (LET) Relative Biological Effectivensss (REE)

S RBE - red marrow

© RBE=2 FRMAC, NUREG/CR-4214, Rev. 2, Part], 1933), and IAEATECDOC-1432 (Jan 2005)
 RBE=3

Return

Ground Shine & Resuspension
¥ Include Ground Shine (Weatheting Correction Factor : Nong)
™ iInclude Resuspension (Resuspension Factor  WASH 1400 NUREG-75/01 4)

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

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.

Liround Shine & Hesuspension
¥ Include Ground Shine (Weatheting Correction Factor : Mang)
¥ include Resuspension (Resuspension Factor : WASH 1400 NUREG-75/014)

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

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.
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HotSpot Health Physics Codes

~Ground Contamination Options

Return
~Exposure Time Settings
Start of Exposure ————————————————————————— Exposure Duration
( [ 0.00 [days = ( [ 4.00 days =

- Ground Roughness Correction Factor (GRCF)

GRCF 1.000 [~ Other —‘
~Weathering Correction Factor (WCF)

& o Weathering

 WASH 1400 (NUREG-75/014) WCF = GRCF [0.63 expi-1.131) + 0.37 exp(-0.007484) ] ; tin years

€ Likhtarew - Health Physics, March 2002, Yol 82, Mo. 3: WCF = GRCF [ 0.40 exp(-0 46 t) + 060 exp(-0.014 4] ; tin years

Resuspension Factar ( RF [ 1/meter])

 Anspaugh- Health Physics, May 2002.val 82 No.5 BF = 1E-05 exp(-0.07 ) + 6E-09 expi-0.0031) « 1E-0%: tinyears

& NCRP ReportMo 128 RF (0-1) day = 1E-06: RF (110 1,000 days) = 1E-06 /t: RF(t> 1000 days) = 1E-09: tin days

© WASH 1400 (NUREG-75/014) RF = 1E-05 exp(-0.677 1) + 1E-09 ; tinyears
" Constant BF - 1.00E-05 (17 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) 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 2.07, the time
period is from initial release plus 4 days (Start of Exposure = 0 days, Exposure
Duration = 4.0 days), and the Include Ground 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 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 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. Several of the HotSpot examples demonstrate this feature.

Holdup Time is the duration that the released radionuclide(s) is contained prior to its
release into the atmosphere.

Breathing Rate is the assumed breathing rate for individuals exposed to the radioactive
plume.
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Non-respirable Deposition Velocity is the ratio of the observed non-respirable deposition
flux and the observed 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.

i HotSpot Version 2.07 E@@
File  Help
Models T Source Term T Metearology T Feceptors T Setup T Output!
Text Files

Plume Centerline Plots
Table Output | |

TEDE Graph
Save Table Output ‘
Yiew Saved Table Output Files | |
@ Plume Centerline " Compass
I™ Display all TEDE Campongnts Contour Flots - Mapping Files
[ Include All Organ Data TEDE Contour File {.KML) |

[ Include Organs Exceeding 50 rem
™ Append QC Data

Deposition Contour File ((KML) |

Contour Plots - Computer Display
™ Contour Options
TEDE Contour Flot \

& Plume Centerling HotSpot Mapping

@J
" Compass ﬁii

™ 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.

Site Met Data 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 Table Output - Notepad - |EI|5|

Eile Edit Format Wiew Help

HotSpot Wersion 2.07 General Explosion

I

Source Material : Co-&0 wm E_Z7Llvy
Material at Risk : Z_5000E+03 Ci
Damags Ratio - l.000

Leakpath Factor o l.000

Airborne Fraction : l.000

Respirable Fraction : O.Eo0

Respirable Release Fraction: 0.Z00

Wind Speed (h=10 m) D 5,00 mys

Wind Direction 4E5.0 degrees Wind from the NE

Distance Coordinates All distances are on the Plume Centerline
High Explosiwve : Z5.00 Pounds of TNT

Debris Cloud Top D170

UNMITIGATED BLAST DAMACE

IABTI safe distance D 274 w (200 ft)

Onset of shattered glass due to blast (0.5 psit: 64 m - 22 w (211 fr - E£52 £ft)
Eardrum ruptures and incapacitation [ & psi) = 12 m - 20w (42 fr - BE ft)
Lung damage and complete incapacitation (10 psi) : 8.8 m - 13 m (23 ft - 44 ft)
Onset of lethality (25 psi) - B.7m - 8.8 mw (1% fr - 25 ft)
Fatalities in over 99% of population (100 psi) ¢ 2.lm - E.2mwm (10 ft - 17 ft)

Note: minimum range corresponds to side-on pressure and marimum range
corresponds to reflected overpressure generated using
Sandia National Laboratories ELAST meodel.

Stability Class o I
Respirable Dep. Vel. : 0,30 cwis
MNon-respirable Dep. Vel. : 2,00 cwis=s
Receptor Height :l.Em

Inversion Layer Height :  None
Sanple Time 10.000 min
Ereathing Rate 2.32E-04 um3fsec

Maximum Dose Distance : 0,010 Em
MANTMITM TEDE H &5 rem
Inner Contour Dose : ZE rem

Middle Contour Dose : 5.0 rem
Outer Contour Dose © E.0 rem
Excesds Irmer Dose Out To : 0,089 kn

Excesds Middle Dose Out To - 0,27 km
Exceeds Outer Dose Out To : 0.70 km

FGR-11 Dose Conwersion Data - Total Effective Dose Ecquivalent (TEDE)

Include Plume Passage Inhalation and Submnersion

Include Ground Shine (Weathering Correction Factor : None)

Include Resuspension (Resuspension Factor : WASH 1400 NUREG-757014)

Exposure Window: (Start: 0.00 days; Duration: 4.00 days) [100% stay time]. -
Initial Deposition and Dose Bate showm

Ground Roughness Correction Factor: 1.000

REZPIRAELE
DISTANCE TEDE TIME-INTEGRATED GROUMND ESURFACE GROUND SHINE APRIVAL
ATER COMCENTRATION DEPOSITION LOSE RATE TIME
kn (rem) (Ci-sec)/m3 (uCi/mz) (rem/hr) (hour tmin)

o.0z0 4 FE+01 8. 6E-0Z 1.4E+04 4 ZE-01 =00:-01

o.1o00 1.8E+01 3.3E-0Z 5.8E+03 1.8E-01 =00:-01

0.zoon 7.cE+00 1.7E-0& Z.EE+02 7.8E-0Z <00:0L

o.z00 4 4E+00 1.0E-0Z 1.4E+032 4 EE-0Z =00:-01

o.400 3.1E+00 7.1E-03 1.0E+03 3.1E-0Z =00:-01 -

4] o

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 to view the ground deposition.

f¥ Plume Contour - TEDE {rem) =101 x|

Print Options  Scale

HotSpot Wersion 2.07
Plurne Contour - TED

General Explosion Oct 27, 2007 09:06 A
E (rerm)

T s e
e A e A
1/ =— S ——

A N e e I DS B =g
S
R A S e e e Saias

1] 041 0.2 0.3 0.4 0.5 0.6 0.7 0.8 049 1
]

Inner: 25 rem (4E-03 km2) Middle: 5.0 rern (0.022 km2) Quter: 2.0 rerm (0.063 km2)

Source Material D Co-B0 WY 5271y

Material at Risk © 2.8000E+03 Ci Resp. Rel. Frac. © 0200

High Explosive : 25.00 Pounds of TNT Cehbris Cloud Top 170m

u (h=10rm) CA0mis

Stahility Class . D {Sample Time: 10.00 min)

Deposition Yelocity © 0.3 cemis

Receptar Height ClAm Inwersion Layer Height © Mone

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

m" Plume Contour - TEDE {rem} - | Ellll
Print  Options  Scale

HotSpotVersion 2.07 Tuesday, October 30, 2007
Plurme Contour - TEDE irerm;) I

ch
W
T.0km |08 km |06 km (0.4 km i, y

m

Inner: 28 rem (4E-03 km2) Middle: 5.0 rem (%.021 kmZ) CQuter: 2.0 rem {0.063 km2)

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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ml' Plume Centerline TEDE {rem}, as a function of Downwind Distance 1Ol x|

Print  Options

HotSpot Yersion 2.07 General Explosion. Oct 27, 2007
Plurme Centerl TEr, &5 8 Ui

09:07 A
ng Distance

1E+02

1E+00

1E-01
rem

1E-02

1E-03

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.

HotSpot Mapping

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

The Plumes menu at the top left of the screen provides the option to display a deposition
contour map or a dose contour map.
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Lat : 3501054 Long:-106.44329  C:\HotSpot 2007\HotSpot20'Maps'CoyoteAerial2.bmp:

File GP3 Flumes

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) |

S

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.
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Atmospheric Dispersion Model Examples

4. Atmospheric Dispersion Model Examples

This section contains examples for each of the HotSpot dispersion models: a plutonium

explosion (non-nuclear), fire, and resuspens

ion; a uranium explosion (non-nuclear), and

fire; and 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
File. Select Open Scenario to display scenario files. 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.

lﬁ Help

| Cpen Scenario

Source Term T Meteorology T

| Save Scenario
Create Mixture
Edit Mixture:

persion Models

Add To Mixture
Wigw Mixkure

Explosion = Flutonium Fire

xplosion = Uranium Fire

e

Fil=  Help

HotSpot Scenario Library File Name

g [ 3|
2] x| | Qutput

Laok in: I I3 Scenario

j = E o E- fric

®] Current.hat

My Documents

Titme

File name: I

LN

o

==
yCo

™ Open

ey | - Files of type: [aNFies hot)

j Open I
= G | ng Rate
as read-only 4 mafs

v

Return ta Original D efaults I

Open the Examples folder and select the desired scenario.

Next,
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HotSpot Scenario Library File Name 2=l

Look, ir: I_} Examples j & =5 -

1 Acute PU-235 100% Lethality at 0.50 km.hot
.'--1 General Explosion. hot
1 General Fire.hot

.'--1 Plutonium Resuspension, hot
.'--1 Tritium Release,hat

.'--1 Uranium Explosion. hat

.'--1 Uraniurn Fire,hot

File name: IPIutonium Explosion. haot j Open I
Files of type: |AII Files [* hat) =l Canicel |

[ Open as read-only

Z

Plutonium Explosion Example

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 Ibs. of high explosive. The test was performed at 3 a.m., 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).

Prose: Il

File Help
( taodels T?SuurceTerm;T MeteorologyT Receptors T Setup T Output

[ T = —=
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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

WP hocspct 1ol

File Help
hodels T Source Term T MeteorologyT Feceptars T Setup T Cutput

10-meter Wind Speed Selected Stability Class
I 6.0 m/s I~ [Dicplay Wind Char [ D

—Wind Direction

270 Wind from the West

—Atrnospheric Stahility
Enter Solar Information - or- Enter the Actual Stability

 Sun High in the sky A -Vaery unstable

 Sun Low in the sky or clouchy " B-hoderately unstahle

* Night © C-Slightly unstable
D -Meutral

 E - Slightly stahle
 F-Moderately stable

" G-Special nighttime {low wind)

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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lolx]
File Help
Models T Source Term T Meteorology T Receptars T Setup! T Output
—Terrain Fadiological Units Distance Units —
& Standard : Conservative Option & Classic (rem, rad, Ci) « Metric
© ity : Large Metropalitan Area " Sl (Sievert, Gray, B " English
Wind Ref Height Sample Time Source Geometry ~Explosion Model AF Distribution
’7 | 10 meters —‘ ’7|1Dmin —‘ & Simple Default HotZpot Vertical AF
— & Complex [~ Change/view AF Distribution
~Mixing Layer———————— -
[~ Enable Inversion DCF Library
& FGR 11  FGR.13 = Acute (1-day) |

~Ground Shine & Resuspension

[ Include Ground Shine Meathering Corraction Factor : Maone)
™ Include Resuspension (Resuspension Factor :\WASH 1400 NUREG-75/014)

—Contour Yalues

TEDE (rem Deposition (uCifm2)
Inner |5 Inner {1.00
MiddleIZ icidle |0.50

CQuter |1

CQuter 010

& uCiymz € dpm/(100 cm2)

Mon-respirable Deposition Yelocity
’7 IB cmisec

YWet Deposition
[~ Enable Rainout

Haldup Time
ID min

Breathing Rate
’7 3.33E-04 mifs —‘

Fieturn to Original Defaults |

The results for this example are as follows:

HotSpot Version

Source Material
Material at Risk
Damage Ratio
Leakpath Factor
Airborne Fraction
Respirable Fracti
Respirable Releas

Specific Activity

Wind Speed (h=10

Distance Coordinates

High Explosive
Debris Cloud Top

UNMITIGATED BLAST
IABT1 safe distan
Onset of shattere
Eardrum ruptures

Onset of lethalit
Fatalities in ove

d glass due to blast (0.5 psi): 106 m - 135 m
and incapacitation (5psi) : 21 m-33m
Lung damage and complete incapacitation (10 psi) : 14 m - 22 m
Yy (25 psi) - 9.4 m-15m
r 99% of population (100 psi) : 5.1 m-8.7m

2.07 Plutonium Explosion

1 kg

1.000

1.000

1.000

0.200

0.200
8.10E-02 Ci/g
6.00 m/s

on
e Fraction

m)

248 m

DAMAGE
ce

Weapons Grade Pu

All distances are on the Plume Centerline
113.00 Pounds of TNT

431 m (1414 ft)

(349 ft - 444 ft)
(69 ft - 110 ft)
(48 ft - 73 o)

(31 ft - 48 o)

(17 ft - 28 o)

Note: minimum range corresponds to side-on pressure and maximum range
corresponds to reflected overpressure generated using

Sandia Nati

Stability Class

Respirable Dep. Vel.

Non-respirable De
Receptor Height
Inversion Layer H
Sample Time
Breathing Rate

Maximum Dose Dist
MAXIMUM TEDE

Inner Contour Dos
Middle Contour Do

onal Laboratories BLAST model.
- D
- 0.30 cm/s
p- Vel. : 8.00 cm/s
:1.5m
eight > None
- 10.000 min
: 3.33E-04 m3/sec
ance : 0.010 km
: 64 rem
e : 5.0 rem
se : 2.0 rem

4-4



HOTSPOT V2.07

Atmospheric Dispersion Model Examples

Outer Contour Dose

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

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

1.0 rem
To : 0.48 km
To : 1.82 km
To : 4.46 km

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

km (rem) (Ci-sec)/m3 (uCi/m2) (hour:min)
0.030 5.3E+01 5.2E-04 1.7E+02 <00:01
0.100 2_.9E+01 2_8E-04 8.8E+01 <00:01
0.200 1.4E+01 1.4E-04 4_1E+01 <00:01
0.300 8_6E+00 8.4E-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 01:46
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

Yiew Saved Table Output Files

& Flume Centerline ¢ Compass

[ Display all TEDE Components

[~ Include All Organ Data
™ Include Organs Exceeding &0 rem

=i
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Double Tracks
1.0 kg Plutonium , D Stability, u(10m) = 6 m/s
Explosive Release (113 Ibs HE)
10000 Integrated Concentration
1000
(52
E
9?1 100
[}
2
10
L
(]
1
0.1 1 10 100 1000
‘Downwind Centerline Distance (km)‘

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

Double Tracks
1.0 kg Plutonium , D Stability, u(10m) =6 m/s
Explosive Release (113 Ibs HE)
Ground Deposition

1.0E+05

10E+04 | @

HotSpot

_Measured
e

1.0E+02 23
] PS o®
1.0E+01
‘e
1.0E+00
0.01 0.1 1 10 100

‘Downwind Centerline Distance (km)‘

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 10-meter wind speed), is 5 m/sec (at 10-
meter wind speed), 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 - What is the downwind extent of the 100
mrem TEDE contour?

2. What is the dose from resuspension of plutonium to individuals remaining in the
deposition zone for 4 days following the initial plume passage (this is the
“avoidable dose” (via sheltering, evacuation, etc.) after plume passage)?

Prosa: il

File Help
Models TéSourceTerméT MeteomlogyT Feceptars T Setup T Clutput

todel I Plutonium Fire

Fadionuclide

taterial at Risk Damaie Ratio
IWeapDns Grade Pu I Jky | 1.000
Leakpath Factar
Deposition Welocity Specific Activity I 1.000
ﬁ 030 ermfsec } “ 8.10E-D2 Cify M

~Aitborne Fraction
I 1.00E-02

~Fespirable Fraction
I 5.00E-02 I Respirable Release Fraction = 5.00E-04

~Fuel Fire Information
" Enter Cloud Top ~Fuel Yolume Felease Radius— ~Air Temp.
" Enter Heat Emission Rate |3u_u gal ’7 |1 0dm —‘ |2D deg C

& Entar Fuel and Bum duration

Physical Height of Fire —Burn Duration ~Heat of Combustion
{ IDm —‘ [15.0 min —‘ |12000 calig

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
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Release Radius: 10.0 m
Physical Height of Fire: 0 m

Wrotspot =lolx|

File Help
todels T Source Term T MeteomlogyﬁT Feceptors T Setup T Cutput

10-rmeter Wind Speed Selected Stahility Class
[ 5.0 m/s I Display Wind Chart { [ D —‘

—ind Direction

270 Wind from the West

—Atmospheric Stabilty
Enter Solar Information - or- Enter the Actual Stability

© Sun High in the sky  A-Yery unstable
= Sun Low in the sky or cloudy B -Moderately unstahle
& Might " C-Slightly unstahble

D -MNeutral

" E - Slightly stable
" F-hoderately stable
" G- Special nighttime (law wind)

10-meter height Wind Speed: 5.0 m/s
Solar Condition: Night

m" HotSpot Yersion 2.07 Wednesday, February 04, 2009 - |EI|1|

File Help

Models T Source Term T Meteorology T Feceptars T Setup! T Output

Terrain Radiological Lnits Distance Units —
& Standard : Conservative Option & Classic (rem, rad, Ci) & hetric
 City Large Metropolitan Area. = 5l (Siever, Gray, Bo)  English
Wind Ref Height Sample Time Source Geometry —Explosion Model AF Distribution
’7 | 10 meters —‘ ’7|1Dmin —‘ ’75' Simple {DefaultHotSpotVenical AF
— " Complex [ Change/view AF Distribution
~Mixing Layer——————
" Enable Inversion DCF Likrary
|75' FGR 11 & FGR13 = Acute (1-day)

~Ground Shine & Resuspension
[ Include Ground Shine MWeaathering Correction Factor : Likhtares)
" Include Resuspension (Resuspension Factar : NCRP Report No. 129)

—Contour Walues Maon-respirakble Deposition Velocity
TEDE (rem) ——— Deposition (uCi/m2) ’7 Ig cm/sec
0.1

Inner |1.00E-02 weth . Holdun Tima
i I kdiddle |8.00E-03 etLleposman I i

Micldle]0.05 o [~ Enahle Rainout 0 min

Cluter ID.03 Outer |5_DDE-U3

& uCifmz © dpm/(100 cm2)

|3.33E-D4 mifs

Fieturn to Original Defaults |

’rElreathing Fate
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=lol x|

File Edit Format Wiew Help

HotSpot Version Z.07 Plutonium Fire 1=

Source Material WMeapons Grade Pu

Material at Risk 2 kg

Damage Ratio 1.000

Leakpath Factor 1.000

Airborne Fraction 1.00E-0Z

RBespirable Fraction : E_OOE-02

Respirable Pelease Fraction: 5_00E-04

Specific Actiwity S.10E-0Z Cifyg

Fuel 30 gal

Fire Duration 15 min

Pelease Radius 10 w

Phiysical Height of Fire 0 m

Effective Release Height 3d m

Wind Speed (h=10 m) 5.00 mf=

Distance Coordinates A1l distances are on the Plume Centerline

Avg Wind Speed (h=H-=ff} 6. 02 mis

Stability Class L

RBespirable Dep. Vel. 030 cmfs

Non-respirable Dep. VWel. 2.00 cwi=

RBeceptor Height l. 5w

Inversion Layer Height MNone

Sauple Time 10000 min

Breathing Pate 2.22E-04 m3/fsec

Maximum Dose Distance 0,39 kn

MaIMUM TEDE 0.Z81 rem

Inher Contour Dose 0100 rem

Middle Contour Dose o.0so0 renl

Outer Contour Dose 0030 rem

Exceeds Inher Dose Out To 1.32 kn

Exceeds Middle Doze OJut To Z2.29 kn

Exceeds Outer Dose Out To .34 km

FGE-1l Dose Conwversion Data - Total Effectiwve Dose Equivalent (TEDE)

BPEZPIRAELE
DISTANCE TEDE TIME-INTEGRLTED GROUND SURFACE ARRIVAL
ATR COMCENTRATION DEPFOSITION TIME

km (ream) (Ci-zec) m3 aCi mz) thour-min)
o.030 Z.0E-04 1.%E-0% Z.0E-03 =00:01
0,100 Z.5E-0Z Z.EE-07 2.5E-01 “00:01
0. z00 1.5E-01 1.E5E-D& Z.ZE+00 <00:01
o300 Z.3E-01 Z_3E-0& 3.4E+00 =00:01
0,400 Z.5E-01 Z.4E-08& 2.6E+00 oo:ol
0. 500 Z.4E-01 Z.3E-D& 2.4E+00 oo:ol
a.&a0 Z.ZE-01 Z_1E-08& F.0E+00 o0d:ol1
0,700 1.9E-01 1.3E-0& Z.5E+00 oo:ol
o.200 1.7E-01 1.7E-0& Z.2E+00 00:0E |
a.3a0 1.5E-01 1.EE-06& Z.1E+00 0d: 0z
1.000 1.4E-01 1.4E-08& 1.2E+00 000z
Z.000 &.0E-0Z E_BE-07 &.6E-01 oo:o0&
4. 000 Z.4E-0Z Z_3E-07 Z.1E-01 0d:11
&.000 1.4E-0Z 1.4E-07 S.9E-0Z 00:1e
2.000 2.8E-03 9_3E-08 L.9E-0Z 0o:z2& -

4] '

As shown in the above text output, the Inner Contour value of 0.100 rem (100 mrem)
extends out to a distance of 1.32 km. This is also shown in the following TEDE contour

plot.
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m" Plume Contour - TEDE {rem} - |EI|5|
Print Options  Scale
HotSpat Wersion 2,07 Plutonjum Fire Maow 01, 2007 07598 AM
Plume Cantaur - TEDE {rem)
1 [F--" --ToTTmTTyTTTTTTTTT e T TTTTTTTTTTT oo m oA m e m T
i — __"‘""---..\
T s
] 1 . 4 5
m
Inner: 010 rem (0,13 km2) Middle: 0.050 rem (041 kmZ) Quter: 0.030 rem (0.87 km2)
Source Material S WWeapons Grade Pu Specific Activity . B0E-02 Cifg
Material at Risk c 3kg Fesp. Rel. Frac. . 5.00E-04
Eff. Release Height @ 34 m Release Radius :
u fh=10rm) - 5.0 mis Ay Uth=17 r) © B.02 mis
Stability Class » D {Sample Time: 10.00 miny
Depaosition Velocity © 0.3 cmifs
Receptor Height c1am Inversion Layer Height ;. Mone
Fuel . 20,0 gal Fire Duration : 1.80E+01 min

Plutonium Resuspension Example

Estimate the 50-year CEDE rates (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?. Assume nighttime conditions with a wind speed of

1 m/sec (at 10-meter reference hright).
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il HotSpot ¥ersion 2.07 Wednesday, February 04, 2009

{ Weapons Grade Pu ‘ [ 1 BOE+02 uCifm2 (

e
I

3BE-0E 1/m

ol

il HotSpot Yersion 2.07 Wednesday, February 04, 2009

’7 Weapons Grade Pu ‘ ’7 1.50E+02 uCifmz [

’V 0.30 cm/sec

3BE-06 1/m
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e
File Help
hodels T Source Term T MeteorologyT Feceptars T Setup} T Output
~Terrain Fadiological Units Distance Units —
& Standard : Conservative Option & Classic (rem, rad, Ci) &~ Metric
Gty : Large Metropolitan Area " Sl(Sievert, Gray. Bo) " English

YWind Ref Height
’7 | 10 meters

Il

~ixing Layer
[~ Enable Inversion

Sample Time Source Geometry
IBD min —‘ ’7(3' Simple

 Complex

Explosion Model AF Distribution
’7Default HaotSpot Vertical AR
r

ChangeMiew AF Distribution

DCF Library

* FGR11

© FGR13

= Acute (1-day)

Contour Yalues

Outer ID.DE

Deposition (uCifm2)
Inner [100.00

MNon-respirakble Deposition Yelocity
( IB cmisec

hdiddle |10.00

Outer |1.DD

& uCifm2 € dpm(100 cr2)

Wet Deposition
[~ Enable Rainout

Haoldup Time

ID min

Breathing Fate
’7|3.33E—D4 mSIST

Return ta Original D efaults |

HotSpot Version 2.07 Plutonium Resuspension

Feb 04, 2009 03:02 PM

(Resuspension Factor: Anspaugh 2002)

Source Material
Source Term
Resuspension Factor

Effective Release Radius

Effective Source Term
Contamination Age

Wind Speed (h=10 m)
Distance Coordinates
Stability Class
Respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

Maximum Dose Distance
MAXIMUM TEDE

Inner Contour Dose
Middle Contour Dose
Outer Contour Dose
Exceeds Inner

Exceeds Outer

Dose Out To
Exceeds Middle Dose Out To
Dose Out To

Weapons Grade Pu
1.50E+02 uCi/m2
3.8E-06 1/m
100 m

5.6E-07 Ci/s

14 day

1.00 m/s

All distances are on the Plume Centerline

F
0.30 cm/s
1.5 m
None
60.000 min
3.33E-04 m3/sec

0.010 km
0.141 rem
0.500 rem
0.100 rem
0.050 rem
Not Exceeded
0.025 km
0.12 km

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

DISTANCE TEDE AVERAGE
PER 1-HR EXPOSURE TIME AIR 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
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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

Uranium Explosion Example

Three kilograms of weapons-grade uranium (90% U-235, 10% U-238) are

involved in a non-nuclear detonation of 40 Ibs. 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. Estimate the
ground contamination and 50-year CEDEs as a function of downwind centerline distance.

m" HotSpot Yersion 2.07 Wednesday, February 04, 2009 - |EI|1|

File Help
hodels TESDurceTermET MeteorologyT Feceptars T Setup T COutput

Modal I Uranium Explosion

- haterial at Risk Damage Ratio
IUranlum [ Tk | 1.000

Leakpath Factor
Deposition Velocity Specific Activity | 1.000

ﬁ 0.30 cmfsec } “ £.21E-05 Cifg M
Uranium Specific Activity _righélEDxDpéDEir?b
oy .  Matural Uranium Ign_ngn % O0E+
ABEINE Fradlon—‘ ’7 @ Calculate Enrichment

(Radionuclide

I 1.00E+00

~Respirable Fraction
I 2.00E-M I Respirable Release Fraction = 2.00E-01
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m" HotSpot Yersion 2.07 Wednesday, February 04, 2009 i ] 4]

File Help

hodels T Source Term TEMeteomlogy;T FReceptars T Setup T Output

10-meter Wind Speead Selected Stahility Class
[ 1.00 m/s I™ Display Wind Chart { [ B —‘

—Wind Direction

270 Wind from the West

—Atmospheric Stabilty
Enter Solar Information - or- Enter the Actual Stability

= Sun High in the sky  A-Veryunstahle

& Sun Lowin the sky or cloudy  B-Moderately unstable

 Might £ C- Slightly unstahle
D - MNeutral

 E - Slightly stable
" F-Moderately stable
G- Special nighttime {Jow wind)

m" HotSpot Yersion 2.07 Wednesday, February 04, 2009 - Ellll

File Help

Models T Source Term T Meteorology T Feceptors T Setup! T Output

~ Terrain Fadiological Units Distance Units —
& Standard : Conservsative Option & Classic (rem, rad, Ci) & hetric
= City Large Metropalitan Area Sl (Siever, Gray, Bo)  English
Wind Ref Height Sample Time Source Geometry —Explosion Model AF Distribution
’7 | 10 meters —‘ ’7|1Dmin —‘ ’75' Simple {DefaultHotSpotVenical AF
— & Complex [T Changefview AF Distribution
~Mixing Layer———————
[~ Enable Inversion DCF Likrary
|75' FGR 11 & FGR13 = Acute (1-day)

~Ground Shine & Resuspension

[ Include Ground Shine Meathering Correction Factor : Maone)
™ Include Resuspension (Resuspension Factor : NCRP Report No. 129)

~Contour Values Mon-respirahble Deposition Yelocity
TEDE (rem) ——— Deposition {(uCi/m?2) ’7 Ig cm/sec
0.001

g0 10 Wet Denact Holdup Time
i I diddle |8.00E-02 etLlepasman I i

Mieldle]0.0008 oEE [~ Enahle Rainout 0 min

Cuter ID.UUUE Quter IE_DDE-UZ

& uCiymz © dpm/(100 cm2)

Breathing Rate
’73.33E—D4 m3fs

Fieturn to Original Defaults |
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HotSpot Version 2.07 Uranium Explosion
Feb 04, 2009 03:04 PM

Source Material

Material at Risk

Airborne Fracti

on

Respirable Fraction

Respirable Release Fraction

Specific Activi

ty

Wind Speed (h=10 m)

Distance Coordi
High Explosive

nates

Debris Cloud Top

UNMITIGATED BLAST DAMAGE
IABTI safe distance

Onset of shattered glass due to blast (0.5 psi): 75 m - 96 m (247 ft - 314 f©)
Eardrum ruptures and incapacitation (5psi) : 15m-24m (49 ft - 78 fv)
Lung damage and complete incapacitation (10 psi) : 10 m - 16 m (34 ft - 51 ft)

Onset of lethal

Fatalities in over 99% of population

ity

POOORFRW®W

: Uranium

kg

.000

.200

.200

_21E-05 Ci/g 90.000 %
.00 m/s

- All distances are on the Plume Centerline
: 40.00 Pounds of TNT
191 m

: 305 m (1000 ft)

(25 psi) : 6.6 m-10m (22 ft - 34 ft)

Note: minimum range corresponds to side-on pressure and maximum range
corresponds to reflected overpressure generated using

Sandia National

Stability Class

Respirable Dep.
Non-respirable

Receptor Height

Vel.
Dep. Vel.

Inversion Layer Height

Sample Time
Breathing Rate

Maximum Dose Di
MAXIMUM TEDE
Inner Contour
Middle Contour
Outer Contour
Exceeds Inner
Exceeds Middle
Exceeds Outer

stance

Dose
Dose
Dose

Dose Out To :
Dose Out To :
Dose Out To :

(o)) BN NI & ool

Laboratories BLAST model.

- B

- 0.30 cm/s
- 8.00 cm/s
:1.5m

None

- 10.000 min
: 3.33E-04 m3/sec

- 0.010 km

0.451 rem
.00E-03 rem
.00E-04 rem
.00E-04 rem
.68 km

.33 km

.97 km

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

RESPIRABLE
DISTANCE TEDE TIME-INTEGRATED = GROUND SURFACE ARRIVAL
AIR CONCENTRATION DEPOSITION TIME

km (rem) (Ci-sec)/m3 (uCi/m2) (hour:min)
0.030 2_2E-01 5_6E-06 2_1E+00 <00:01
0.100 6.7E-02 1.7E-06 4_.9E-01 00:01
0.200 4_9E-02 1.2E-06 3.4E-01 00:02
0.300 3.9E-02 9.8E-07 2_7E-01 00:04
0.400 3.2E-02 8_0E-07 2_1E-01 00:05
0.500 2_.6E-02 6.7E-07 1.7E-01 00:06
0.600 2_2E-02 5.6E-07 1.4E-01 00:08
0.700 1.9E-02 4_8E-07 1.2E-01 00:09
0.800 1.6E-02 4_.1E-07 1.0E-01 00:11
0.900 1.4E-02 3.5E-07 8.5E-02 00:12
1.000 1.2E-02 3.1E-07 7.4E-02 00:13
2.000 4_3E-03 1.1E-07 2_0E-02 00:27
4.000 1.3E-03 3.4E-08 4_9E-03 00:55
6.000 6.6E-04 1.7E-08 2_0E-03 01:22
8.000 4_0E-04 1.0E-08 1.1E-03 01:50
10.000 2_7E-04 6.9E-09 6.8E-04 02:17
20.000 8_4E-05 2_1E-09 1.6E-04 04:35
40.000 2_7TE-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

(100 psi) : 3.6 m-6.1m (12 ft - 20 f©)
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Uranium Fire Example

100 kilograms of 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 50-year CEDE for this location?

mll HotSpot Yersion 2.07 Wednesday, February 04, 2009

File Help

=1ol=|

Models T?SourceTerméT MeteorologyT Receptars T Setu

p T Output

todel I Uranium Fire

Fadionuclide
’7 IUranium

Matenal at Risk Damage Fatio
100 kg 1.000

Le akpath Factor

Dieposition Welocity Specific Activity 1 [ilil}}
ﬁ 0,30 cmfsec “ 2.39E-06 Cifg
A
|—Uran|um Specchcﬂvny eS Ta0d
| A A ) — 1] F || | ay
l— —‘ " g mh-miWanm‘lhﬁmpmﬁ -
5.00E-02 | Respirable Release Fraction = 2. 50E-03
= Fetar Cloud Tan _
&1 Enier nes Ermiss { 5001 —‘ [0 deyC
= Fnter Fuel and Rurn duration
‘ ’7 —‘ 1.00E+07 calfs

m" HotSpot Yersion 2.07 Wednesday, February 04, 2009

File Help

=101 %]

Models T Source Term Tf“ :Irl:lll:lgy‘;T Feceptars T

Setup T Clutput

FD—meterWind Speed—‘

’rSeIeded Stahbility Class
D —‘

11.00 mfs [T Display Wind Chart
—%ind Direction
270 Wind from the West

Atmospheric Stabilty

Enter Solar Information - or- Enter the Actual Stability

 Sun Highinthe sky  A-%ery unstable
© Sun Low in the sky or cloudy B - Moderately unstahle
& MNight - Slightly unstable

= D-MNeutral

" E - Slightly stahle
 F-tdoderataly stahle
G- Special nighttime {low wind)
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Il HotSpot Yersion 2.07 Wednesday, February 04, 2009 — IEIIﬂ

File Help

Models T Source Term T teteoralogy T Feceptors T Setup T Output

~Terrain Fadiological Units Distance Units —
& Standard . Conservative Option @ Classic(rem, rad. Ci) &+ bdetric
Gty Large Metropalitan Area " l(Siever, Gray, Bo) " English
Wind Ref Height Sarmple Time Source Geometry ~Explosion Model AF Distribution
’7 | 10 meters —‘ ’7|1Dmin —‘ ’76 Simple {DefaultHotSnutVenical AF
— " Complex " Change/view AF Distribution

rMixing Layer———————————

[™ Enable Inversion DOCF Librarny

~ FGR 11  FGR13  Acute (1-day)

~Ground Shine & Resuspension
™ Include Ground Shine fWeathering Correction Factor : Mone)
[~ Include Fesuspension (Resuspension Factor: NCRP Report Mo, 129)

~ Contour Yalues MNon-respirable Deposition Velocity
TEDE {rem) Deposition {uCifm?2) ’7 8 cmisec
Inner  |5E-06 Inner {010 WD . Holduo Time
i I : Iiddle |5.00E-02 atLieposion | i
Midele [2E-06 aeie [ Enable Rainout 0 min
Outer |1 E-06 Qutar |1_DDE—D2 "Elreathing Rate—‘

& uCiim2 © dpmf100 cm2) |3.33E—D4 m3fs

Return ta Original Defaults
Feb 04, 2009 03:09 PM
Source Material : Uranium
Material at Risk : 100 kg
Damage Ratio : 1.000
Leakpath Factor : 1.000
Airborne Fraction : 5.00E-02
Respirable Fraction : 5.00E-02
Respirable Release Fraction: 2.50E-03
Specific Activity : 2.39E-06 Ci/MisO %E-03
h=5 wm) : m/sgE-02 s All distanSos are actthe PlumouCen(MIirboOOO )TjTvg Wind Téd (h=H-ef
RespiraDep. Vel. (0)0998/sE-02 RespiraDep. Vel. : 8 : 98/seE-02
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DISTANCE TEDE TIME-INTEGRATED GROUND SURFACE ARRIVAL
AIR CONCENTRATION DEPOSITION TIME

km (rem) (Ci-sec)/m3 (uCi/m2) (hour:min)
0.030 4 _0E-04 1.0E-08 1.5E-02 <00:01
0.100 3.4E-04 8.6E-09 1.3E-02 <00:01
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 01:16
80.000 5.7E-07 1.5E-11 4 _4E-06 01:42
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Tritium Release Example

30,000 curies of HTO are released from a 30-meter stack. 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 the

release?

fIl HotSpot Yersion 2.07 Wednesday, February 04, Z009

File Help

=10l

Models T?SuurceTerm;T MeteorologyT Feceptars T Setup T Output

Wodel I Tritium Release

Fadionuclide

— hdaterial at Risk Damage Fatio
ITntlum ’] 3.0000E+04 Ci “ 1.000

" Calculate Flume Rise

Airborne Fraction
I 1.00E+00

Fercent Tritium Cxice Leaknath Factor
Effective Release Height; ~Ceposition Yelocity ’7| 100 % ’7 1.000
’7 | 30m ’7| 0.00 cm/sec
Age

14.0 day

Respirable Release Fraction = 1.00E+00

Respirable Fraction
“ TO0E=00 | |

|

M HotSpot ¥ersion 2.07 Wednesday, February 04, 2009

Flle  Help

=10l ]

Models T Source Term TfMeteomlogy@T Feceptars T Setup T Cutput

—Wind Direction

10-meterWind Speed Selected Stability Class
1.00 m/s [~ Display Wind Chart I B

270 Wind from the West

~Atmosphetic Stakilty
Enter Solar Information - or- Enter the Actual Stability

 Sun High in the sky A -%eny unstahle
@ Sun Law in the sky or cloudy B -Moderately unstable
" Might ¢ C- Slighthy unstable

= D-Neutral

 E - Slightly stable
 F-Moderately stable
G- Special nighttime (low wind)
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i HotSpot Yersion 2.07 Wednesday, February 04, 2009 -0l x|

File Help

Models T Source Term T MeteorologyT Feceptars T Setup! T Output

—Terrain Radiological Units Distance Units —
@ Standard : Conservative Option & Classic (rem. rad, Ci) * Metric
 City : Large Metropalitan Area " 3l (Siever. Gray. Bg) " English

Default HotSpat Verical AF

Wind Fef Height Sample Time Source Geometry ~Explosion Model AF Distribution
IV | 10 meters —‘ ’7|1Dmin —‘ ’7(: Simple ’7

— " Complex [T Changefview AF Distribution
~Mixing Layer————————— :
" Enable Imeersion DCF Librany
# FGR11 ¢ FGR13 " Acute (1-day) |

—Ground Shine & Fesuspension

™ Include Ground Shine (Weathering Correction Factor : Mone)
" Include Resuspension (Resuspension Factor: NCRP Report No. 129)

~ Contour Values MNarn-respirable Deposition Velocity
TEDE (rem Deposition !uCi,"mZ! ’7 Ig cmisec
Inner ID.1 Inner  [100.00 weth . Holdun Time
i I hiddle |10.00 e | i
Midelle]0.08 e " Enahble Rainout 0 min
— T - o o
<& yCifm2 © dpm/(100 cm?2) | 3.33E-04 m3fs |

Reetum to Driginal Defaults |

Plume Centerline (TEDE) rem as a Function of Downwind Distance

fI" Plume Centerline TEDE (rem), as a function of Downwind Distance = =]

Print  Cpkions

1E+00

1E-01

1E-02

/|

1E-03
rem

T=rtbl)

1E-04

1E-05

1E-06

1E-07
0.1 0.1 1 10 100
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Atmospheric Dispersion Model Examples

HotSpot Version 2.07 Tritium Release

Feb 04, 2009 03:18 PM

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

Respirable Release Fraction:
2 30m
o 1.
- All distances are on the Plume Centerline
o 1.

Effective Release Height
Wind Speed (h=10 m)
Distance Coordinates
Wind Speed (h=H-eff)
Stability Class
Respirable Dep. Vel.
Non-respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

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 (TEDE)

3.
1.
o 1.
1.
1.
1.

[eNeoNoNoNoNoNoNa]

: B
- 0.
- 8.
o 1.
-  None

: 10.000 min
- 3.

o Tritium

OOOOE+04 Ci
000
000
000
000
000

00 m/s
08 m/s
00 cm/s

00 cm/s
5m

33E-04 m3/sec

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

100 % Tritium Oxide

Note: Dose Results Include HTO Skin Absorption

RESPIRABLE
DISTANCE TEDE TIME- INTEGRATED ARRIVAL TIME
AIR CONCENTRATION
km (rem) (Ci-sec)/m3 (hour:min)
0.030 2_0E-13 6.3E-12 <00:01
0.100 6.8E-02 2_.1E+00 00:01
0.200 1.7E-01 5.3E+00 00:03
0.300 1.2E-01 3.7E+00 00:04
0.400 7.7E-02 2.4E+00 00:06
0.500 5.3E-02 1.7E+00 00:07
0.600 3.9E-02 1.2E+00 00:09
0.700 2_.9E-02 9.1E-01 00:10
0.800 2_3E-02 7.1E-01 00:12
0.900 1.8E-02 5.7E-01 00:13
1.000 1.5E-02 4_7E-01 00:15
2.000 4 _.0E-03 1.3E-01 00:30
4.000 1.1E-03 3.4E-02 01:01
6.000 5.2E-04 1.6E-02 01:32
8.000 3.1E-04 9.6E-03 02:03
10.000 2_1E-04 6.5E-03 02:34
20.000 6.4E-05 2_0E-03 05:08
40.000 2_1E-05 6.4E-04 10:17
60.000 1.1E-05 3.4E-04 15:25
80.000 6.9E-06 2_2E-04 20:34
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General Explosion Example

A vehicle, transporting 30 curies of 1-131, is involved in a severe accident that results
in the detonation of the vehicle’s gas tank. The wind is from the west at 2 meters per
second (at a 10-meter reference height), on a cloudy day. Assuming 100% of the 1-131
becomes airborne, and that 100% of the airborne material is respirable, estimate the
50-year CEDE as a function of downwind centerline distance from the accident scene.
Note: a conservative estimate of the TNT equivalent of an exploding vehicle gas tank
is1lb.

m" HotSpot Yersion 2.07 Wednesday, February 04, 2009 - |EI 5[

Filz Help

hodels TfSourceTerméT MeteorolagyT Faceptars T Setup T Clutput

hadal I General Explosion

haterial at Risk Damage Ratio
[-131 D 8044 [ 3.0000E-01 Ci [ 1000

Change Radionuclide Source Term |
Leakpath Factar
Deposition Welocity 1.000
I 0.30 cmyfsec
High Explosive
1k
Airborne Fraction

I 1.00E+00

’rRadiDnuclide

Fespirable Fraction
’7 I 1.00E+00 I Respirable Release Fraction = 1.00E+00 ‘

m" HotSpot ¥ersion 2.07 Wednesday, February 04, 2009 - Dlll

File Help

todels T Source Term TEMBteomIogy‘;T Receptars T Setup T Cutput

10-metarind Speed Selected Stahility Class
[ 2.00 m/s [™ Display Wind Chart £

—Winc Direction

270 Wind from the West

—Atmospheric Stabilty
Enter Solar Information - or- Enter the Actual Stability

¢ Sun Highinthe sky  A-%ery unsiahle
& Sun Low in the sky or cloudy " B - Moderately unstable
" Might © C- Slightly unstahle

= D-MNeutral

" E - Elightly stable
 F-toderately stable
G- Special nighttime (law wind)
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ml' HotSpot Yersion 2.07 Wednesday, February 04, 2009

Fil=: Help

=1l x]

Models T Source Term T Meteorology T Feceptors T Setup! T Output

~Terrain Fadiological Units Distance Units —
# Standard : Conservative Option (o Clas_sic(rem, rad, Ci) = Metric
 City: Large Metropalitan Area " Sl (Siever, Gray, Br) " English
Wyind Fef Height Sample Time Source Geometry - Explosion Model AF Distribution
’7 | 10 meters —‘ lrlmmin —‘ & Simple Detault HotSnot Wertical AF
— " Complex ™ Change/view AF Distribution

~hixing Layer———

™ Enahle Inversion DCF Library

& FGR11 & FGR13  Acute (1-day)

~Ground Shine & Resuspensian
™ Include Ground Shine teathering Correction Factor : None)
™ Include Resuspension (Fesuspension Factor : NCRP Report No. 129)

Inner Inner |5.00

Cuter |0.001 Outer |2-DD

& uCifm2 © dpm/(100 cm2)

~ Contour Yalues Man-respirahle Deposition Yelocity
TEDE (rem) Deposition (uCi/m2) ’7 Ig cmjsec
0.005 Sl WetD i Holdup Time
i hicidle |3.00 etUeposition I
Micille]0.002 eee [~ Enable Rainout 0 min

Bresthing Fate
“3 33E-04 mSIS—‘

Fieturn ta Original Defaults

HotSpot Version 2.07 General Explosion
Feb 04, 2009 05:03 PM

Source Material
Material at Risk

1-131 D 8.04d
3.0000E+01 Ci

Damage Ratio 1.000
Leakpath Factor 1.000
Airborne Fraction 1.000
Respirable Fraction 1.000
Respirable Release Fraction: 1.000
Wind Speed (h=10 m) 2.00 m/s

Distance Coordinates
High Explosive
Debris Cloud Top

1.00 Pounds of TNT
76 m

UNMITIGATED BLAST DAMAGE

IABTI safe distance :
Onset of shattered glass due to blast (0.5 psi):
Eardrum ruptures and incapacitation (5psi) : 4.4 nm -
Lung damage and complete incapacitation (10 psi) : 3.0 m -
Onset of lethality (25 psi) - 1.9 m -

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

Note:

All distances are on the Plume Centerline

274 m (900 ft)
22m-28m (72 ft - 92 fr)

6.9 m (14 ft - 23 ftr)
4.6 m (9.9 ft - 15 ft)
3.0m (6.4 ft - 9.9 ft)

1.8 m (3.4 ft - 5.9 ft)

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 :1.5m
Inversion Layer Height - None
Sample Time : 10.000 min

Breathing Rate

3.33E-04 m3/sec

Maximum Dose Distance : 0.010 km
MAXIMUM TEDE : 0.333 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 : 1.03 km
Exceeds Outer Dose Out To : 1.52 km
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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 8.9E-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_6E-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._5E-07 2_8E-03 1.4E-08 02:26
40.000 3.4E-06 3.0E-07 9.1E-04 4_6E-09 04:53
60.000 1.8E-06 1.6E-07 4_8E-04 2_4E-09 07:20
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General Fire Example

Fifty curies of Am-241 are involved in a laboratory fire. 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 50-year CEDEs as a function

of downwind centerline distance.

IV Hotspot version 2.07 Wednesday, February 04, 2009 o ] ]

File Help

Models TESuurceTermET MeteorologyT FReceptors T Setup T Output

todel I General Fire

[am-2a1 w4322y

Change Radionuclide Source Term

Deposition Yelocity
0.30 crm/sec

’fﬂadionuclide

—Airborme Fraction
1.00E-02

haterial at Risk Damage Fatio

| 5.0000E+01 Ci | 1.000
Leakpath Factor
| 1.000

2
14.0 day

[

Fespirable Fraction

EE

Respirable Release Fraction = 5.00E-04

—Fuel Fire Information
& Enter Cloud Top
" Enter Heat Emiszian Rate
= Enter Fuel and Burn duration

Physical Height of Fire

- Pelease Radius —
200 m

~Cloud To
IZD m

IV HotSpot Yersion 2.07 Wednesday, February 04, 2009 =100l

File Help

todels T Source Term TEMelearDIugy‘;T Feceptors T Setup T Output

Selected Stability Class
Chart ’7 I e —‘

10-meter Wind Speed
5.00 m/s I~ Display Wind
~ind Direction
270 Wind from the West

—Atmospheric Stakilty
Enter Solar Information - or- Enter

(" Sun Hiob inthn

| |’T KENTLLPRTIS 11 |

- Moderately stable

the Actual Stability ‘

AR Mo

- Special nighttime (low wind) ‘
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=Tk
File Help
Models T Source Term T heteorology T Feceptars T Betupi T Output
—Terrain Fadiological Units Distance Units —
* Standard : Conservative Optian @ Classic (rem, rad, Ci] & Metric
= City: Large Metropolitan Area " Sl (Siever, Gray, Be) " English

~Mixing Layer

YWind Rief Height Sample Time Source Geometry
’7 [ 10meters T ’7|1[| min —‘ = Simple
" Complex

Default Hot3pot Verical AR

[~ Change/view AF Distribution

’rExplosion Model AF Distribution

[~ Enable Inversion

DCF Librany
 FGR 11

 FGR13 " Acute (1-day)

~Ground Shine & Resuspension

™ Include Ground Shine (Weathering Correction Factor : MNane)
™ Include Resuspension (Resuspension Factor | NCRF Report Mo, 129)

~ ContourYalues

TEDE (rem
Inner  |0.005
M\ddleID.DDE
Cuter ID.DD1

100.00
10.00

Inner
Kiddle

& uCifmz © dpmy(l

Deposition (uCifm2)

Outer |1.DD

Mon-respirable Deposition Yelocity
’7 IB cmfsec

Holdup Time

ID min

Breathing Fate
’7|3.33E—D4 mS,IS—‘

Ww'et Deposition
[~ Enable Rainout

00 cm2)

Retum ta Original Defaults |

HotSpot Version General Fire

Source Material Am-241 W  432.2y
Material at Risk 5.0000E+01 Ci
Damage Ratio 1.000
Leakpath Factor 1.000
Airborne Fraction 1.00E-02
Respirable Fraction 5.00E-02
Respirable Release Fraction: 5.00E-04
Release Radius 20.0 m

Cloud Top 20 m

Physical Height of Fire Om
Effective Release Height 14 m

Wind Speed (h=10 m) 5.0 m/s

Distance Coordinates
Avg Wind Speed (h=H-eff)

All distances are on the Plume Centerline
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 : 1.51 km
Exceeds Middle Dose Out To : 2.48 km
Exceeds Outer Dose Out To : 3.62 km
FGR-11 Dose Conversion Data
RESPIRABLE
DISTANCE TEDE TIME-INTEGRATED  GROUND SURFACE GROUND SHINE ARRIVAL
AIR CONCENTRATION DEPOSITION DOSE RATE TIME
km (rem) (Ci-sec)/m3 (uCi/m2) (rem/hr) (hour:min)
0.030 6.7E-01 4 _5E-06 7 .4E+00 2.7E-06 <00:01
0.100 3.3E-01 2.2E-06 3.3E+00 1.2E-06 <00:01
0.200 1.5E-01 1.0E-06 1.4E+00 5.2E-07 <00:01

4-26



HOTSPOT V2.07 Atmospheric Dispersion Model Examples
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 1.7E-11 03:15
80.000 5.5E-06 3.7E-11 2_.9E-05 1.1E-11 04:20

General Resuspension Example

Estimate the 50-year CEDE 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 microcuries per square meter. Assume the resuspension

factor, for the 3 m/s prevailing wind (at a 10-meter reference height), is 1.0 E-05 1/m for
the curium. The sun is high in the sky on a cloudless day.

m" HotSpot Yersion 2.07 Wednesday, February 04, 2009 - |EI|1|
File Help
Models TESDurce TerméT Meteoralogy T Feceptors T Setup T Cutput

odel I General Resuspension

Radionuclide
{ [Cm-244 w 1811y

Change Radionuclide Source Term |

(

| 1.00E+03 uCifm2 |50 m

Deposition——— ’rReIease Radius—‘

Deposition Yelocity
I 0.30 cm/sec

RF [u(2)= 2.68 m/s] :
|1.DE—DS 1/m

 Anspaugh
 NCRF Report 129

@ Other

~PResuspension Factar (RF)

 WASH 1400 (NUREG-75/014)
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m" HotSpot Yersion 2.07 Wednesday, February 04, 2009 - |EI|1|
File Help
Models T Source Term T EMeteumlugyFZT Feceptors T Setup T Output

FD—meterWind Speed—‘

’rSeleded Stability Class
A —‘

3.00 mfs [ Display Wind Chart
—Wind Direction
270 Wind from the West

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

S High jnthn ch.

i _[=T[eutral

m" HotSpot Yersion 2.07 Wednesday, February 04, 2009 - |EI|1|
File Help
Models T Source Term T Meteorology T Receptors T Setup! T Output

—Terrain Radiological Units —— Distance Units —
& Standard : Conservative Option Lo Classic (rem, rad, Ci) & hetric
 City Large Metropolitan Area " 5l (Sieven, Gray. Bo)  English
Wind Ref Height Sample Time Source Geometry - Explosion Model AF Distribution

’7 | 10meters —‘ “50 min —‘ & Simple Default HotSpot Yertical AF

—  Complex [~ Changefview AF Distribution
~Mixing Lawer—————— -
[~ Enable Inversion DCF Librany
& FGR11 ¢ FGR13 " Acute (1-day)

Contour Walues
Deposition (uCi/m2)

MNaon-respirable Deposition Velocity
’7 IB cmjsec

TEDE {rem) ——

Inner |0.005 Inner (100.00
MiddleID.DDZ kdicidle |10.00
Outer ID_DD1 Cuter |1_UU

& uCifm2 € dpm/(100 cm2)

YWet Deposition
[~ Enahle Rainout

Holdup Time
|D min

’rElreathing Fiate —

|3.33E-D4 mifs

Fieturn ta Original Defaults
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HotSpot Version 2.07 General Resuspension
Feb 04, 2009 05:12 PM
(Resuspension Factor : User-input Value)

Source Material : Cm-244 W 18.11y
Source Term : 1.00E+03 uCi/m2
Resuspension Factor : 1.0E-05 1/m
Effective Release Radius :50m

Effective Source Term : 4.8E-05 Ci/s

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

Distance Coordinates : All distances are on the Plume Centerline
Stability Class - A

Respirable Dep. Vel. : 0.30 cm/s

Receptor Height :1.5m

Inversion Layer Height - None

Sample Time : 60.000 min
Breathing Rate : 3.33E-04 m3/sec

o

Maximum Dose Distance - 0.010 km
MAXIMUM TEDE : 1.8 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 : 2.29 km
Exceeds Middle Dose Out To : 3.80 km
Exceeds Outer Dose Out To : 5.60 km

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

DISTANCE TEDE AVERAGE
PER 1-HR EXPOSURE TIME AIR 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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Atmospheric Dispersion Model Examples

General Plume Example

Estimate the potential Total Effective Dose
curies of Kr-85 from a 10-meter stack. The
10-meter reference height), on a sunny day.

Equivalent values due to a release of 20,000
wind is from the East at 1 meter/second (at a

ml' HotSpot Yersion 2.07 Wednesday, February 04, 2009 - |EI|1|
File Help
Models TESDurce TerméT Meteorology T Receptars T Setup T Cutput
Model I General Plume

~Radionuclide
|Kr—35 10.72y

Change Radionuclide Source Term |

Material at Risk
| 2.0000E+04 Ci

Damage Ratio
| 1.000

r Effective Felease Height
10

Leakpath Factar
I 1.000

Deposition Velocity
’7 0.00 cmfsec }

[” Calculate Plume Rise
Airborne Fraction

I 1.00E+00

~Fespirable Fraction

Age——————————————
I 14.0 day

[ 1ooEw0n |

Respirable Release Fraction = 1.00E+00

ml' HotSpot Yersion 2.07 Wednesday, February 04, 2009 - |EI|1|
File Help
Models T Source Term T EMeteumlugyZT Receptars T Setup T Cutput

1.00 mfs

FD—meterWind Speed—‘

—wind Direction

’rSeIected Stakility Class—‘

[~ Display Wind Chart I A

270

Wind from the West

rAtmospheric Stabilty

Enter Solar Information - or- Enter the Actual Stability

& Sun Highinthe sky

 Might

 Sun Low in the sky or cloudy

© A-Yery unstahle
 B-
= C- Slightly unstahle

Moderately unstable

 D-Neutral
" E - Slightly stable
= F-Maderately stable

G- Special nighttime (low wind)
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ol
File Help
hModels T Source Term T Meteorology T Feceptors T Setup! T Output
~Terrain Fiadiological Units Distance Units —
& Standard : Conservative Option & Classic (rem, rad, Ci) * Metric
 City: Large Metropolitan Area 5l (Siever. Gray, Bo) " English
Wyind Fief Height Sample Time Source Geometry —Explosion Model AF Distribution
’7 | 10 meters —‘ ’7|1Dmin —‘ & Simple Default HotEpat Verical AR
— " Complex [T Changefview AF Distribution
rMixing Layer———————— -
I~ Enahle Inversion DCF Library
& FGR11 " FGR13  Acute (1-day) |

—Ground Shine & Fesuspension
™ Include Ground Shine (Wesathering Correction Factor : None)
" Include Resuspension (Resuspension Factor : NCRF Report Mo. 129)

— Contour Values

TEDE (rem) ——
Inner  |1E-05
MiddlelEE—DE

Quter |1E—DE

Deposition (uCifm2) ——
Inner (10000

~Man-respirable Deposition Velocity
ID cmfsec

et Deposition
[~ Enahle Rainout

hiddle |10.00

Holdup Time ——
ID rin

Outer |1.EID

& uCifm2 © dpm/(100 cm)

Breathing Rate —
3.33E-04 m3/s

Return ta Original Defaults |

HotSpot Version 2.07 General Plume

Feb 04, 2009 05:17 PM

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

Respirable Release Fraction

Effective Release Height
Wind Speed (h=10 m)
Distance Coordinates
Wind Speed (h=H-eff)
Stability Class
Respirable Dep. Vel.
Non-respirable Dep. Vel.
Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

Maximum Dose Distance
MAXIMUM TEDE

Inner Contour Dose
Middle Contour Dose
Outer Contour Dose
Exceeds Inner

Exceeds Outer

Dose Out To
Exceeds Middle Dose Out To
Dose Out To

Kr-85 10.72y
2.0000E+04 Ci
1.000
1.000
1.000
1.000
1.000
10 m
1.00 m/s
All distances are on the Plume Centerline
1.00 m/s
A
0.00 cm/s
0.00E+00 cm/s
1.5 m
None
10.000 min
3.33E-04 m3/sec

0.034 km
0.019 rem
1.00E-05 rem
5.00E-06 rem
1.00E-06 rem
2.66 km

3.84 km

9.40 km

FGR-11 Dose Conversion Data - Total Effective Dose Equivalent (TEDE)
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RESPIRABLE
DISTANCE TEDE TIME-INTEGRATED ARRIVAL TIME
AIR 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 _0OE-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 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

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). The predominant initial ionizing
radiation species are neutrons and gamma rays produced during the first minute of the nuclear
explosion. 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.
See also Blast Effects

Fallout predictions assume a default effective wind speed of 15 miles per hour (6.8 meters per
second) and a wind shear of 15 degrees. 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. The following
table shows the gamma dose attenuation factors used in Hotspot (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.

Shielding Dose Attenuation Factor
No Shielding 1.0
1 m (3 ft) underground 0.0002
Frame house 0.5
Basement 0.1
Multistory-upper floor 0.01
Multistory-lower floor 0.1
Concrete 9 inch walls 0.09
Concrete 12 inch walls 0.03
Concrete 24 inch walls 0.002
Vehicles (cars, trucks, buses) 0.5
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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 windspeed of 6.8 m/s. Also include the estimated fallout external dose to
individuals remaining in the open environment (no sheltering), at 1, 2, and 3 kilometers directly
downwind of the detonation.

MNuclear Explosion - »
IF Nuct I m]

Nuclear Explosion

~ Contour Plots - Computer Display

Muclear Yield Create Fallout Contour Plot |
I 100kT Save Table Output | | ——
Eff Wind Speed View Saved Table Output Filesl  Plume Centerline ¢ Compass
6.80 mfs
/ ’7.5 Contour Plots - Mapping F"TS

¥ Append Fallout

Fallout Contour File {_LKML)
Frompgt Meutron RBE F Append Surmmary Prompt Effects Files {{(KML) I
30 [ Prompt Contour Effects
[~ Display H+1 reference dose rate

™ Contour Options

Wind Direction

Hotspot Mappin
’7 I 270 Wind from the West ’7 2 [HHE,
. —Fallout Exposure Time and Sheltering Yalues for Tables and Contour Plots —
“rield Calculator —F X L
|No Shielding j Shielding Transmission Factars
ContaurValues  Dose in first hour © Dosge in firstweek 1.0000
Fi tG :

Fallout Dose (rem) " Dose in first six hours ¢ Dose in first month rompt Gamma
Inner |1 noE+03 & Diose in first day  Dose infirstyear Prompt Meutron 1.0000
tiddle [300E+D2 " Dose in first 4-days  User Selection Fallout I 1.0000
@ity W [™ Change Exposure Parameters

Exposure Time: (Start: 0.00 days: Duration: 1.00 days)

eathering Correction Factor: MNone)
Ground Roughness Correction Factor, 0.700

I Detonation Location: 35.00722M106 43690/

The following provides general information about nuclear explosions for this example:
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HotSpot Version 2.07 Nuclear Explosion
Feb 04, 2009 05:23 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% lonizing Radiation

5% Prompt (First minute)

10% Delayed (minutes to years)

The 10.0 KT nuclear explosion produces a fireball of incandescent

gas and vapor. 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) Injuries associated with shattered
glass windows can occur out to a distance of 4.09 km (2.54 miles)

THERMAL RADIATION

Burn casualties may result from the absorption of thermal radiation energy

by the skin, 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
on the ground creates a footprint of deposited material (fallout).
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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

lonizing Radiation Shielding: No Shielding
Prompt Gamma  Transmission Factor: 1.0000
Prompt Neutron Transmission Factor: 1.0000
Fallout Gamma  Transmission Factor: 1.0000
(Weathering Correction Factor : None)
(Ground Roughness Correction Factor : 0.700)

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

Prompt lonizing Radiation Effects : Whole-body Midline Dose
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Threshold 30 psi (30-50) ... .ccooaaannn 0.40 km (0.25 miles)
50 % 50 psi (B0-75) ... ... 0.32 km (0.20 miles)
100 % 75 psi (75-115) ... ... ........ 0.27 km (0.17 miles)

Prompt Blast Effects : Lung Damage

Threshold 8 psi (8-15)...... ... ....... 0.74 km (0.46 miles)
Severe 20 psi (20-30) - e ecciiiii i 0.48 km (0.30 miles)

Prompt Blast Effects : Eardrum rupture

Threshold 5 pSi-ccceoi oo 0.96 km (0.60 miles)
50 % 15 psi (15-20) - oo 0.54 km (0.34 miles)

Prompt Blast Effects : Shattered window glass injury
Threshold 0.5 pPSH - ceec oo e i i 4.09 km (2.54 miles)

Prompt Thermal Effects : Skin burns and Eye Damage

Eye Damage
Day
Flash Blindness ... ... ... .. ... . ..... 22 km (13.7 miles)
Retinal Burns ... . ... ... ... . ... 23 km (14.4 miles)
Night
Flash Blindness ... ... ... .. ... . ..... 73 km (45.3 miles)
Retinal Burns ... ... ... ... .--- 41 km (25.5 miles)
Visibility : 20 km (12 miles)

50 % 1st Degree (2.4 cal/cm2)......
50 % 2nd Degree (4.7 cal/cm2)......
50 % 3rd Degree (7.3 cal/cm2)......

.00 km (1.24 miles)
km (0.93 miles)
.25 km (0.78 miles)

RN
o
o

Visibility : 40 km (25 miles)
50 % 1st Degree (2.4 cal/cm2)......
50 % 2nd Degree (4.7 cal/cm2)......
50 % 3rd Degree (7.3 cal/cm2)......

.18 km (1.35 miles)
km (1.00 miles)
.32 km (0.82 miles)

R RN
o
[

Visibility : 80 km (50 miles)
50 % 1st Degree (2.4 cal/cm2)......
50 % 2nd Degree (4.7 cal/cm2)......
50 % 3rd Degree (7.3 cal/cm2)......

.35 km (1.46 miles)
km (1.06 miles)
.38 km (0.86 miles)

RPN
~
o

Electromagnetic Pulse (EMP)
Maximum extent of radial EMP effects... 4 km (3 miles).

lonizing Radiation Shielding: No Shielding
Prompt Gamma  Transmission Factor: 1.0000
Prompt Neutron Transmission Factor: 1.0000
Fallout Gamma Transmission Factor: 1.0000
(Weathering Correction Factor : None)
(Ground Roughness Correction Factor : 0.700)

Centerline Distance 1.000 km ( 0.621 mi )

Blast (maximum overpressure) 4_6E+00 psi
Prompt Neutron 2_8E+03 rad-eq
Prompt Gamma 1.3E+03 rad
Total Prompt lonizing Radiation 4_1E+03 rad-eq
Thermal @ Visibility = 20 km (12 miles): 1.2E+01 cal/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
Actual Dose Rate @ Cloud Arrival Time 1.1E+05 rem/hr
External Dose in First Hour 1.1E+04 rem
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External
External
External
External
External
External
External

Dose
Dose
Dose
Dose
Dose
Dose
Dose

- -
533333335

First 6-hours
First Day
First 4-days
First Week
First Month
First Year
50-years

1.5E+04
1.7E+04
1.8E+04
1.9E+04
2.0E+04
2_1E+04
2_1E+04

rem
rem
rem
rem
rem
rem
rem

Centerline Distance

Blast (maximum overpressure)

Prompt Neutron

Prompt Gamma
Total Prompt lonizing Radiation

Thermal @ Visibility
Thermal @ Visibility
Thermal @ Visibility

20 km (12 miles):
40 km (25 miles):
80 km (50 miles):

Fallout Information

Cloud Arrival Time (hr:min)
Actual Dose Rate @ Cloud Arrival Time

External
External
External
External
External
External
External
External

Dose
Dose
Dose
Dose
Dose
Dose
Dose
Dose

in
in
in
in
in
in
in
in

First Hour
First 6-hours
First Day
First 4-days
First Week
First Month
First Year
50-years

2.000 km ( 1.242 mi )

1.4E+00
6.2E+00
8.5E+00
1.5E+01
2_.4E+00
2.9E+00
3.4E+00

00:04

4 _.9E+04
8.0E+03
1.2E+04
1.4E+04
1.5E+04
1.6E+04
1.7E+04
1.8E+04
1.8E+04

psi
rad-eq
rad
rad-eq
cal/cm2
cal/cm2
cal/cm2

rem/hr
rem
rem
rem
rem
rem
rem
rem
rem

Centerline Distance 3.000 km ( 1.863 mi )

Blast (maximum overpressure)

Prompt Neutron

Prompt Gamma
Total Prompt lonizing Radiation

Thermal @ Visibility
Thermal @ Visibility
Thermal @ Visibility

20 km (12 miles):
40 km (25 miles):
80 km (50 miles):

Fallout Information

Cloud Arrival Time (hr:min)
Actual Dose Rate @ Cloud Arrival Time

External
External
External
External
External
External
External
External

Dose
Dose
Dose
Dose
Dose
Dose
Dose
Dose

in
in
in
in
in
in
in
in

First Hour
First 6-hours
First Day
First 4-days
First Week
First Month
First Year
50-years

Minimal
Minimal
1.3E-01
1.7E-01
8.7E-01
1.2E+00
1.5E+00

00:07

3.0E+04
6.4E+03
1.0E+04
1.2E+04
1.4E+04
1.4E+04
1.5E+04
1.7E+04
1.7E+04

Blast
Neutron
rad
rad-eq
cal/cm2
cal/cm2
cal/cm2

rem/hr
rem
rem
rem
rem
rem
rem
rem
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 (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 is used at the
Lawrence Livermore National Laboratory 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. 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.

» 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—
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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.

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 waste generated in
the workplace.

Type 3 Workplaces

Type 3 workplaces are used for operations classed 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 (HEPA) system. Other protective devices (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.

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 should be 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)"
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where—

H = Hazard Guide Value;

Q = Quantity of radionuclide (uCi);

T = Toxicity factor;

U = Use factor;

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

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

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 <1E+07 Type 1
1E+07<H <1E+10 Type 2
H>1E+10 Type 3

Toxicity Factor

The toxicity factor, T, accounts for the relative radiotoxicity of the subject material. The toxicity
factor is the ratio of the Derived Air Concentration (DAC) of tritium oxide to the DAC of the
specific radionuclide(s) in the material. If the “FGR 11” DCF Library Option (Main HotSpot
“Setup” form) is selected, ICRP-30 DCFs are used for determination of the DAC and ALI (1 um
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 um AMAD).

" HotSpot Version 2.07 E@@
File Help
Models T Source Term T Meteorology T Feceptors T Betup; Cutput
Terrain Fadiological LUnits Distance Units
+ Standard : Canservative Option * Classic (rem. rad, Ci) + Mettic
" City: Large Metropolitan Area " SliSiever. Gray. Bog) " English
Wind Bef Height Sample Time Source Geometry - Explosion Model AF Distribution
| 10 meters 10 min + Simple Default HotSpot Vertical AR
o " Complex ™ Change/view AF Distribution
Mixing Layer

I~ Enable Inversion EICE Libram
~ FGR 11 " FGR13  Acute (1-day)

Ground Shine & Resuspension
[ Include Ground Shine (eathering Correction Factor : None)
[7 Include Resuspension (Resuspension Factar : NCRP Report Mo, 124)

Exposure Time: (Start: 0.00 days; Duration: 4.00 days)
Contour Yalues MNon-respirable Deposition Velocity

TEDE (rem) Deposition (uCi/m2) W
Inner |01 Inner |100.00 Holdup Time
Wicidle [0.08 Micidle: [10.00 ‘et Deposition [Omin
I~ Enable Rainout
Outer foos Outer [1.00 Breathing Fate
& uCifm2 © dpm/(100 cm2) 3.33E-04 m3fs

Return to Original Defaults
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T =DAC (HTO)/DAC (Radionuclide under consideration).

NOTE: Radionuclides labeled to molecules (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 or grinding of dry material). The
respirable fraction is defined as the fraction of the released material associated with an Activity
Median Aerodynamic Diameter (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. Also, 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 (DCEF), for determination of the
DAC and ALI (1 ym 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 ym AMAD).

60+).

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 uCi/g (therefore total mass is 25g). What

type of workplace should be recommended for this operation?

Radionuclide Information

Plutonium ALl : Non-stochastic (FGR-11)

| ZE-+02 By (BE-03 uCi)

. . DAC
Change Radionuclide |

Specific Activity

| TE-01Bgym3 (3E-12 Cijm3)

| 230E+09 Bu/g (8.22E-02 Cijg)

Workplace Requirements
Type of Operation
Type 1 Workplace

Maximum Recommended Activity
Type 2 Workplace

" Storage |2_4E+I]B Bq (6.6E+01 uCi)
* Simple Wet
" MNormal Recommended Workplace
€ Simple Dry Type 2 Workplace
© Complex‘et Total Activity
¢ Dryand Dusty | E.00E+02 uCi
Mass (non-rad
Type1 Type 2 ’725;01 ] )

Twpe3 | Pririt |

Workplace Example 1

|2.5E+09 Bq (6.7E+04 uCi)

tass (rad)
8.0E-03g

Mass (tatal)
25E+01 g

Hazard Guide

7BE+07
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Radionuclides in the Workplace Example 2

You are responsible for preparing soil samples following a nuclear-weapons 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 is well represented by assuming the

radionuclide is Pu-239 (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?

Radionuclide Information
Plutonium

ALl : Stochastic (FGR-11)

| BE+02 By (ZE-02 uCi)

. . DAC
Change Radionuclide |

Specific Activity

| 3E-01Bog/m3 (FE-12Cifm3 )

| 230E+09 Bo/y (8.22E-02 Cijg)

Workplace Requirements
Type of Operation
Type 1 Workplace

Maximum Recommended Activity
Type 2 Workplace

" Storage | 7.8E+03 Bq (2.1E-01 uCi)
" Simple Wet

" MNormnal Recommended Workplace
€ Simple Dry Type 2 Workplace

™ Complex et .
Total Activity

 Dryand Dusty | 1.00E+00 uCi

Type 1 Type 2 Mass (non-rad)
J J fOE+D3g

Twpe3 | Print |

Workplace Example 2

| 7.8E+06 Bq (2.1E+02 uCi)

tass (rad)
1.6E-05 g

tass (total)
1.0E+03 g

Hazard Guide

47E+07
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FIDLER Calibration

The FIDLER program is used to calibrate a FIDLER (Field Instrument for the Detection of Low-
Energy Radiation) 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 (typically on the order of thousands of
parts per million by weight), or the low-energy x rays centered around 17 keV. 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, 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(Tl) 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 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 uCi of Am-241, and the counts per
minute (cpm) indicated on the instrument is, by definition, the areal counting efficiency for Am-241
(cpm/[Ci-m?]). However, such a source is not practical in terms of size, cost, and transportability.

Each square meter
contains a uniform
distribution of 1 pCi
of 27am

Figure 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 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(Tl) detection system for
surveying Cs-137 ground contamination.

n=0
n=2 n=3 n=4 n=35
B s & L ol
40 60 80 100

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

Figure 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 (Sa). 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. Here, we must account for the instrument’s sensitivity for off-axis radiation
sources and field of view.
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Figure 3 shows the count rate for a typical FIDLER system as a function of radial position of a 5.9-
MCi Am-241 check source.

FIDLER calibration—60 keV
B S0, Ay 24, REGD < 750.GPM

IARRRPE “' T T T

10000 n=0

T TTTI
Lol

Net count rate (cpm)

1000

T T TTTT

Lol

100

20 40 60 80 100
Radial distance (cm)

o

Extrapolation area
100 cm — o

Figure 3. Typical FIDLER calibration data

Determination of the Areal Counting Efficiency (Sa)

The FIDLER is suspended at height (h) 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 (A)
of radius (R) is:

_1
Sp=7 [ CrdA

(Eq.1)
where:
g = activity in area, dA (uCi),
C(r) = count rate from activity (q) in area, dA,
Because dA =r dr dé.
2ﬂ1R
S, = I—IC(r)rdrd&
0 1 0
(Eq. 2)

5-16



HOTSPOT V2.07 Special Purpose Programs

2 R
S, = 7“£C(r)rdr
(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,
2T 4 hi+1 h © b
= 2 47
S, = 7 Zan I re’n"dr  + a4Ire dr
n=0 n T5
(Eq. 4)
2]7' 4 Tn+1 b
Sa=—q Z—g (b T4 - 1) e”r(br—l) 2e rS(b4r5 1)
n:O n

(Eg. 9)
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where:
|- br _ ebr
J re dr_b—z(br—1) ,
1n _C(rn)
3 C(Vn+1)
b, = , and
T =T+

a, =C (rn)e‘bn r

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.

counts - m2

min - 4Ci ¢

S e

mix _7 ’

(Eq. 6)
where:
f = the ratio of alpha pCi 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
“1 microcurie of Am-241 = 8.66E +00 alpha uCi of MIX.”

In this example, f = 8.66. Note: If you were actually measuring a mix of 100% Am-241, the f ratio =
1, and no adjustment of the Sa 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 (Sa) to the point source counting efficiency (Sp).
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(Eq.7)

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 (for example, 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 Sa and Sp can
change, but their ratio will remain constant. The “quick” calibration consists of measuring the point
source efficiency (Sp) with an Am-241 check source. The FIDLER’s areal counting efficiency is
then calculated by multiplying Sp by the K ratio. Any changes in the detection system will be
accounted for by the current Sp 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 Sp). 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/t,

LOS , i
Sa
(Eq. 8)
Rate meter:
33 rb/ZRC
LOSz —A—— , /(i
SLI
(Eq.9)
where:

RC = rate meter time constant (min),

r, = background count rate (cpm),

t; = sample counting time (min),

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

Calibration T hiture T Lung Screen T Calibration Setup T Equipment |.D.
Calibration Date Detector Infarmation
| Auqust 05, 2001 anufacturer
- [ Harshaw
MName Maodel Number
[ John Doe [ 35
Serial Mumber
Calibration Nates [ 66776
This is an actual FIDLER Bar Code Murnber
calibration, and the values are | 333
typical of most FIDLER
configurations. Survey Meter Information
tanufacturer
| Eberline
bodel Murmber
| ESP2
Serial Number
| 33425
Bar Code Murnber
| 5555

Clear

Print Current Calibration File Location Address

|C:\Program Filez'Hotspat204FIDLE Rheurrent 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 (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:
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Calibration T hiture T Lung Screen T?CalibrationSetupT Equipment 1.0

Type of Instrument Caounting Mode Fadiological Units
# FIDLER # Scaler @ Classic(rem, rad, Cf)
r ;
- VIOLNIST  Eate Meter Sl (Sievert. Gray, Ba)
~ OTHER ™ Lung Screen
Calibration Source Sarnple Courting Time
Nuclide [ Am241 [10  min

Activity 5.900
Self (17) 0.60 Source-to-detector Height

D 22132 00
Target Mixture Selection
& Flutonium Misure (" Other Radionuclide (e.g. cesium-137, sic)

Energy Windows for Calibration
™ 17 keV b0 ket & 17 ket and 60 kel

Frrint

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 (40% 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:

iCalibration; T Mixture T Lung Screen TCaIibrationSetupT Equipment .0,

Data Entry Text File Output
Radial 60-ke¥ Window 17-keV Window

Position Total. S Total. S Text File
{cm) counts counts
0 36835 15048 Save Text File

20 23118 8602

40 9806 3148 VYiew Saved Files
60 4614 1318
80 2584 766
100 1684 582
Background 750 450 Clear
._I:_“in;nnn-- oAy nnl.‘-::-:.li_r:n-l_l;.t_;l_'n DI::-__ - I(-:‘.-: ————— v . R P

indow
T [om 3.6 |46E+01 |5.0E+02 |2.6E-01 [1.3E-01 | 750 | 36.085

||||||\I|||||II\||||||||\||||||||\I||||||I\||||||||\|||\||||||||\|||| ||||MWWWWWW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

| 050 |6.0E+02 || 1.7E-01 ||| 8.4E-02 || 450 || 14598

iiiiiiii|||iiiiiiiiiiiiiiiiiiiiiiiihummm e A

P J -
m-241

Calibration T Mindture; T Lung Screen T Calibration Setup T Equiprment .0
Plutonium Midure
Initial Mixture Current Mixture
Isotope  Halflife Age= 0 years Age= 3000 vyears
(years) [weight ) (weight %)
[PU-238 [ 8774 [ 0.0400 [ 00316
[PU-239 | 24065 [ 93.3400 | 932584
[PU-240 | 6537 [ 6.0000 | 59809
[PU-241 [ 1435 [ 05800 [ 01362
[PU-242 [ 376300 [ 0.0400 [ 0.0400
[AM241 [ 4322 [ 0.0000 [ 04309
’W Mixture Age
Current Mixture Specific Activity )
ALPHA Curie | 0.0918 curie / gram 30.00
TOTAL Curie | 0.2320 curie { gram M
1 alpha microcurie of Mix = 0.1608 microcurie of Am-241 100% Arme241
1 microcurie of Am-241 D=r6.213? alpha microcurie of Mix Erint
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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. For more
information, see HotSpot’s online help.

FIDLER °© ! Lung

/.

Am-241 Check source
calibration

Figure 1. 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= 0.1102 -2.00

(Eg. 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 t<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 27950
\ R® = 9.99E-01
- \
- \
20000

T~

Am-241 Efficiency (cpm/uCi)

10000

5000
000

Fig. 2. Chest wall thickness (cm)

The above efficiency (cpm per uCi 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:

r -r
o= 4.46x104( check b ) o~ 0.279t
8.70x103 A
check
feheck ~ ' . —0.279t
e = 5.13( b y ™"
check

(Eg. 2)

where,
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I'eheck = COUNt rate with Am-241 check source positioned at a detector distance of 30 cm
(cpm),

r, = background count rate (cpm),
Acheck = activity of Am-241 check source (UCi),
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 (Scaler from Currie, 1975):

27 +4.65{n /1,
. 3

LOS

s /’Cl

(Eq. 3)

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

100 Jn,/t.*+ 5
sdev = Y USET , UCi
'

(Eq. 4)

where,
r, = background count rate (cpm),
ts = sample counting time (min),
e = counting efficiency (cpm/uCilung),
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
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Under the Calibration Setup tab, SELECT LUNG SCREEN under the Counting Mode frame. The
following screen will appear:

Calibration T hdixture T Lung Screen TSCaIibratiun SetupT Equipment ..

Type of Instrument Counting Mode Radiological Units

* FIOLER " Scaler @ Classic(rem, rad, Ci)

& LT ~ Rats Motar " Sl (Sievert Gray Bo)

~ OTHER @ Lung Scraen

Calibration Source

Nuclide [ Am-za1

Activity [ saon

Self(17) [ oe0 Source-to-detector Height

1D. T ezizz J0.0_J

Target Mixture Selection
& Plutonium hMixture

Energy Windows for Calibration
G0 ket

Print

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.

Subject Data
MName Lung Screen Motes
[ FRoxanne Luna -
Place screening notes here
Height W'eight Chest Wall
feet inches pounds
F < < fim = | 18em
Counting Data
Background Check Source Lung Lung (net)
Time (min): | 50 [ 1.0 [ 5.0
Counts: | 3750 | 36835 | 4500 | 750
CPM | 750 | 36835 | 900 | 150

Detector Efficiency: |

2.08E+04 cpmfuCi of Am-241 in Lung

Frint

Detector Efficiency sdev: 53 TextOut | SaveFie | ViewFies |
Lung Screen Results
Am-241 Mix sdev
Activity Deposited in Lung : [ 7nCi | 45 nCi [ 12 %
Limit of Sensitivity (LOS): | 29nCi | 17.8nCi
FGR-11 50-year Committed Effective Dose Equivalent (mix) : | 5 3E+01 rem
FGR-13 50-year Committed Effective Dose Equivalent (mix) : | 9 AE+00 rem
Acute (First 24 hours) Lung Dose Equivalent {mix) : | 2 BE-01 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 uCi
Mixture activity deposited in lung (UCi): 45 pCi
Mixture activity deposited in lung sdev (percent): 12%

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

FGR-11 50-year CEDE-Mix (rem): 5.3E+01 rem
FGR-13 50-year CEDE-Mix (rem): 9.4E+00 trem
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/gram) 0.0918 curie/gram
Total Specific Activity (Ci/gram) 0.2320 curie/gram
60-keV Detector Efficiency (cpm/(ug/m?)) | 4.6E+01

60-keV Detector Efficiency 5.0E+02
(cpm/(uCi/m2))

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 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 values.

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

= Plutonium Explosion " Plutonium Fire " Plutanium Resuspension
" Uranium Explosion = Uraniurm Fire ‘& Tl Beleces

" 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
“QOutput” form.

=181 =]

hodels T Source Term T Meteorology T Feceptors T Setup T Dutput

- Teoxt Files Flume Centerline Flots
Table Dutput

Save Table Output |
View Saved Table Output Files |
& Pluma Centerline  © Campass

Acute Dose Graph I

Ground Deposition Graph ]

I™ Display all Dose Componants ~ Contour Plots - Mapping Files

Acute Dose Contour File ((KML) |

™ Append OC Data
Deposition Contour File ((KML) |

N

HotSpot Mapping |

Contour Flots - Computer Display
[~ Contour Qptions

Acute Dose Contour Plot [

Ground Deposition Contour Plot ]

& Plume Centarline
" Compass:

|
| I Digpley 50% Lathality Contour

I~ Default Source Location: Unknown Release Location

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

HotSpot Percentile Dose Option 5[

Conkinuing this option will allaw the input and analysis of
\t‘) site-specific Meteorological data

Do wou want bo continue with this 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: C:\Program Files\Hotspot 2.07\HotSpot20¥MetData\ExampleSequentialData.inp

When HotSpot is run for the first time, an example met file is automatically loaded. The file is

File
| otal Eftective Dose Percentile Yalues
Fercentile-A Percentile-B | Percentile-C - Percentile-D- Percentile-E
50 th 90 th [ 95t | 99th | 995th
HaotSpot Default Yalues | Create Percentile Table
™ ‘Write All sorted Frequency Data to Disc
[~ Calculate Individual hourly data (Mo wind grouping)
WO: [ 010 Group 0: WO <= u <= Wi Display JFD |

Wi: [ 050  Group1:WI1< u<-W2 Change Wind Group |
W2 1.00 Group 2 : W2 < u<=W3
W3 - 2.00 Group 3 : W3 < u<=W1
W - 3.00 Group 4: W4 < u<=W5hH
Wh - 4.00 Group b :W5h <« u<=Wb
W6 : 5.00 Group 6 :WE < u <= W7
W7 6.00 Group 7 : W7 < u<=W8i

W | 6.00 Group 8 : u > Wi

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.” The
current version of HotSpot only inputs hourly sequential data in the format of the example file (1-5

years). Future versions of HotSpot will allow other formats, e.g., other Joint Frequency

Distributions (JFD).
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“a Main Computer (C:

[_JProgram Files
[_JHokspat 2,07
) HotSpokz0
) CambDir
=) FIDLER
7) GPS
) Air

) Aircraft
) Cankarmination
JiEround

) 5oil
*1 rulkInstrumentsSetup, dat

) Maps

@Cwute.ﬁ.erialz.bmp
7] Coyatederial2GED. dat
ﬂ rapset.dat

etData
ﬂ ExampleSequentialData.in

) Cukpuk
) Scenaric

_)Examples

#] Acute Pu-233 100% Lethalit,
.--1 zeneral Explosion.hot

.--1 eneral Fire,hot

.--1 zeneral Plurme, hot

.--1 zeneral Resuspension. hot
_,_1 Plutonium Explosion, hok

.--1 Plukanium Fire, hot

.--1 Plutanium Resuspension. hot
.--1 Tritiurm Release.hok

.--1 Uraniurn Explosion.hot

.--1 Uranium Fire, hok

1 Zurrent, hot

) UserMix

*1 Criticality Plutonium 1E4+19 fissions, mix
*1 ExarnpleMixture, mix

@) Helpz07 .Hip
[P Hatz07 exe
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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 (© (column 16)

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

The 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 Miew Help

SRS MAACS Meteorological Input data File, <% 2000
Adjusted for 1om wind speed, unadjusted Tor stability, leap wear day remowved
2 314

2 204
3 155
2 1EEG
2 244
1 204
1& 1EBE
1l 285
lé 236
15 282
14 152
15 204
14 =24%

1
1
1
1
1
1
1
1
1
1
1
1
1

Lo o B e o e o e o o o

R I e R B Y I TR R R |
Lo o o o o e o o e e}
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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:\Program FilesiHotspot 2.07\HotSpot20iMetData\ExampleSequentialData.inp

File:
I otal EHective UDose Percenlile Values

Parcentile-A Percentile-B - Percentile-C,; Percentile-D Fercentile-E
[995hm

50 th [ s0th [ 95 th 99 th

HotSpot Defeult Values | Creale Percentile Table

WO: | 010 Group 0: WO <= u <= W1 __Accept |
Wi 0.50 Group 1 : W1 < u<=W2
w2: [ 100 Group2:W2 < uc=wWi
W3- 2.00 Group 3 :' W3 < u<=W4
W - | 3.00 Group 4 :'W4 «© u <=W5S
W5: [ 400 Group 5:W5 < u <= W6
we: [ 500 Group 6: WE € u €=W7?
W7: | 600  Group 7 :W7 < u<=Wi
wg: | 800  Group8: u > W8

[ Wirite All sored Frequency Datata Disc
[ Calculate Individual houry data (Mo wind qrouging)

Change Wind Group

__Display JFD |

The 8,760 observations are displayed into the 9 wind speed 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 hi-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).

5-35



HOTSPOT V2.07

Special Purpose Programs

HotSpot JFD Format

HotSpot Version 2.07 General Plume
Feb 28, 2009 01:32 PM
Wind Speed Groups Group Frequency

Group 0: 0.10 <= u <= 0.50 0.26 %
Group 1: 0.50 < u <= 1.00 1.03 %
Group 2: 1.00 < u <= 2.00 15.58 %
Group 3: 2.00 < u <= 3.00 35.63 %
Group 4: 3.00 < u <= 4.00 28.65 %
Group 5: 4.00 < u <= 5.00 12.19 %
Group 6: 5.00 <= u <= 6.00 4.36 %
Group 7: 6.00 < u <= 8.00 2.03 %
Group 8 u > 8.00 0.26 %

Total Sum: 100.00 %

Compass Direction the Wind is coming FROM Row

GSC N NNE NE ENE E ESE SE S SSw sw wsw w WNW NW NNW Sum
0O 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 %
0 C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.091 0.011 0.000 0.000 0.000 0.000 0.000 0.103 %
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 %
0O 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 %
O F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 %
0 G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 %
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 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 %
1G 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 %
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 %
3 G 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 %
5 E 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 %
6 B 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 O0.000 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 %
7 A 0.011 0.023 0.011 0.023 0.011 0.023 0.000 0.011 0.023 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.148 %
7B 0.034 0.023 0.080 0.171 0.263 0.194 0.000 0.011 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.011 0.799 %
7 C 0.091 0.057 0.091 0.114 0.137 0.320 0.046 0.023 0.000 0.011 0.023 0.011 0.011 0.034 0.023 0.023 1.016 %
7D 0.046 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.068 %
7 E 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O0.000 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 O0.000 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 O0.000 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 met data (8,760 observations),
into a JFD 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. 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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Click the “Create Percentile Table” button to generate the percentile information for a radial

distance of 1 km.

< R r pi5015-3
"

I HotSpot ¥ersion 2.07

Fie Help

=10l x|

Models | Souca Term | Metecrology | Receptors) | Setp | Output

Fetun 1o Onginal Detaulis Feceptor Height——
Sone Mew Values Location Designators | om

- Caordinate Fositions for Table Oufput (k)

~pifpi-o rpnfon-z2
~pz[pz-03 I piz[012-24
rp303-06 r pi3[P13-26
oadbdels I pi4fp14-28

I Dig[016-38
ropz[07-14 r D707 -4
rpgo8-18 I Dig[0 18- 42
rpglp9-1g I Dig|019-48
r D002 I Dza[020-5

File: C:\Program Files\Holspot 2.0 7\Hot5 po1 20WWetData\ExampleSequentialData.inp

File
I otal EHective Dose Percenlile Values

Percentile-A  — Percentile-B - Percentile-C, Percentile-D Fercentile-E

50 th [ som [ 95t 99 th | 995th
HoiSpot Default Values ( Creale Percentile Table w
i i

[T Writa All soned Frequency Data ta Disc
[ Calculate Individual hourly data (Mo wind grouping)

o .
Display JFD |

010 GroupD WO < ue-"W1 "__Accept |
0.50 Group 1: W1 € u <=W2
100 Group 2:W2 < u<=W3 iefault:

Wi
Wl
w2
W3 - 200 Group 3 :'W3 < v <=4
W4
Wh
‘W
W7

thange Wind Group |

3.00 Group 4 ;%4 € u <='WhH
4.00 Group 5 :'Wh € u <='Wh
5.00 Group B :WE € u <=W7
6.00 Group 7 : W7 €« u<='Wil
Wi - g.00 Group & : u > Wi

R

|
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If you would like individual tables of the sorted 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.” All of the files are stored in the “Output” folder.

File: C:',Hot Spot 2009 HotSpot 20 MetData’ ExampleSequentialData.inp

File:
~ lotal Ettectrve Dose Fercentile Yalues
— Percentile-A — ~ Percentile-B, - Percentile-C.~ Percentile-D- Percentile-E —

50 th a0t B | 93t || 295t
HotSpot Default Values | Create Percentile Table |
v “Atite All sorted Frequency Data to Disc
r ;;lw u 0 wind qrouping)
~Wind' Speed'Groups
WO: [ 010 | Group 0:W0 <= u <= W1 Accept__ | Display JFD |
Wiz | 050  Group1:Wl<u<=W2 _ Cancel | | [E_Change Wind Group ||

w2: | 100 Group 2 :'W2 < u<=W3 Defaults
W3- 2.00 Group 3:W3 < u<=W14 _Defaults |

W4 - 3.00 Group 4:W4 < u<=W5
M’W Group 5 :W5 < u<=W6
WE: | 500 Group6:WE < u<=W7
W7: | 600 Group 7 : W7 < u <= Wi

wa: | 8.00 Group 8 : u > W8

“e Main Computer ()

|Z)Program Files
[C)Hotspat 2,07
|3 HokSpatza
1 CambDir
I FIDLER
) 5P
A
|0 Aircraft
|C2)Conkamination
|)Graund
| 5ail
11 MultInstrumentsSetup.dat
I5) Maps
@Coyotenerialz.bmp
#] CayatenerialzGED. dat
*1 mapset,dat

IC5) MetData
'f] ExamplesequentialData.inp

e =ic
[CDExamples
5] Acute Pu-238 100% Lethality
'41 General Explosion. hot
'41 General Fire, hat
?\1 General Plume.hat
"-1 General Resuspension. hot
"-1 Flutonium Explosion. ok
"1 Plutonium Fire, ot
"1 Flutonium Resuspension, hot
"1 Tritium Release. hot
'41 Uranium Explosion. hat
'41 Uranium Fire.hot

?\1 Current.hot

|2 UserMix
*1Criticality Plutonium 1E+19 fissions. mix
*1 E:xampleMixture. mix

@) Helpz07.hip
[P Hotz07.exe
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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. In other words, 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 2.07 General Plume

Source Material
Material
Damage Ratio
Leakpath Factor

Airborne Fraction

Respirable Fraction
Respirable Release Fraction:

at Risk

Wind Speed Ref. Height

Effective Release Height

Respirable Dep. Vel.

Non-respirable Dep. Vel.

Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

: Pu-239 M
.0000E+00 Ci
-000
.000
.000
-000
.000
Om
.00
.00 cm/s
.00 cm/s
: 0.
None

ORONRRRRRR

Om

m

: 10.000 min

: 3.33E-04 m3/sec

24065y

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

Include Plume Passage Inhalation and Submersion
Include Resuspension 0.35000
Exposure Window: (Start: 0.00 days; Duration: 4.00 days) [100% stay time].

Initial Deposition and Dose Rate shown

Ground Roughness Correction Factor: 1.000

Wind Speed Groups

Group
Group
Group
Group
Group
Group
Group
Group
Group

0

1
2
3
4:
5:
6-
7
8

OURAWNRFLROO

.10
.50
.00
.00
.00
.00
.00
.00
u >

<=u
u

<

u
u
u
u
u
u
8.00

<=
<=
<=
<=
<=
<=
<=
<=

O WNERO

.50
.00
.00
.00
.00
.00
.00
.00

Group

Total Sum:

0.
1.
15.
35.
28.
12.
4.
2.
0.

Frequency
26 %
03 %
58 %
63 %
65 %
19 %
36 %
03 %
26 %

100.

00 %

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

5-41



HOTSPOT V2.07

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: C:\HotSpot 2009 HotSpot20'MetData"ExamplesequentialData.inp
File
— | otal ettective Dose Percentile Yalues

Percentile-A Percentile-B
h 50 th —H| 90 th

95 th

99 th

Percentile-C ~ Percentile-D- Percentile-E
’V I ’7 995 th —‘

HotSpot Default Yalues

Create Percentile Table |

v Write All sorted Frequency Datato Disc

€17 Calculate Individual houtly data (Mo wind grougin ol

=¥ind Speed Groups

W0 : I 0.10 Group 0 :
W1 : I 0.50 Group 1 :
: | 1.00  Group2:

w3i: | 200 Group3
W - 3.00 Group 4 :
Wh : 4.00 Group 5 :
W6: | 5.00 Group b

6.00 Group 7 :
Wweg: | 8.00 Group 8 :

T

Wi <= u <= W1
W1l <« u<=W2
W2 « u<=W3

: W3

W4
Wh

- Wb

W7

< u<=W14
€ u<=Wh
<€ u<=Whb
€« u=W7
< u<=Wi

u > Wi

Accept | Display JFD I
Cancel | | Change Wind Grou
Defaults |

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.
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EHO Methodology

HotSpot Version 2.07 General Plume

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

Respirable Release Fraction:

Wind Speed Ref. Height

Effective Release Height

Respirable Dep. Vel.

Non-respirable Dep. Vel.

Receptor Height
Inversion Layer Height
Sample Time

Breathing Rate

: Pu-239 M

OORONRRRRERER

.O000E+00 Ci

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

.00 cm/s
.00 cm/s

Om

None

: 10.000 min

: 3.33E-04 m3/sec

24065y

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

Include Plume Passage Inhalation and Submersion
Include Resuspension 0.35000
Exposure Window: (Start: 0.00 days; Duration: 4.00 days) [100% stay time].

Initial Deposition and Dose Rate shown
Ground Roughness Correction Factor: 1.000

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

The following two figures compare 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., 1.00E-03 rem to 1.0E-02 rem.
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Cumulative Dose Distribution at Radial Distance of 1 km
{Sectors 1-16) JFD Methodology

100 - »
95 o

a0 iV oantl

85 "l

80
75
70
65
60
55
a0
45
40
35 1
30 1
25 4
20 4
18 1
10 ~

Cumulative Frequency (%)

0 1 2 3 4 5 B ¥
Total Effective Dose (rem)

Cumulative Dose Distribution at Radial Distance of 1 km
{Sectors 1-16) EHO Methodology

100
95
g0
85
80
Kisl
70
g5
60 1
55
50
45
40
35
30
25 4
20 4
15 4

10
5_’
0 T T T T T T 1

0 1 2 3 4 5 ] 7
Total Effective Dose (rem)

Cumulative Frequency (%)
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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 deposition velocities of
0 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 :0.00m

Respirable Dep. Vel. :0.0cm/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), 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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1o
Fil: Help
Models | SouceTemn | Meteorology | Feceptors | Sewpl | Output
~Tarrmin - Fadiological Linits Distance Units —
& Standerd ; Conservative Option i Classic (ram, rad, Ci) “ Wetric
T City: Large Metropalitan Anza " Sl [Siever, Gray. Bg) " Enaligh
Sample Time Source Geomeatny - Explosion Model AF Distribution
( Y10 min _| P-‘ Simple } ’VDEfaulthﬁnuWemmJﬁ.F
. T Complex [~ Changefview AF Distributian
[ Enable Irsarsion DICF Librany
‘ & FGR11 € FGR13 € Acute (1-day)
~Ground Shine & Resuspension
™ Include Ground Shine (éeathennn Comrection Factor : Monel
[ Include Resuspension (Fesuspansion Factar : MCRP Report Mo, 129)

Exposure Time: (Start 0.00 days: Duration: 1.00 days)

~Contour Values Har-rezpirsble Deposiion Velocty ——
- TEDE [rem) Deposition (uCi/m2) ’V |3 P
Inrer |1 [nnar (10000 yr—— Heldus Time
i | Miclcliz |10.00 [F | i
iddla|0.5 iclcll2 I~ Enabls Reinaut 0 min
ouer o1 Outer 100 Braathing Fate —
% wCifm2 O dpmf(100 cmE) “3 FIED4 mif=

Aetun bo Ongnal Defauts ]
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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)
MACCS2 HotSpot 2.07

0.1 6.38E+01 6.49E+01
0.35 5.47E+00 5.49E+00
0.6 1.87E+00 1.93E+00
0.8 1.12E+00 1.11E+00
1 7.21E-01 7.17E-01
1.2 5.12E-01 5.09E-01
14 3.86E-01 3.83E-01
1.6 2.99E-01 3.00E-01
1.8 2.45E-01 2.43E-01
2 2.03E-01 2.01E-01
2.2 1.66E-01 1.70E-01
2.4 1.45E-01 1.46E-01
2.6 1.27E-01 1.27E-01
2.8 1.15E-01 1.12E-01
3 9.81E-02 9.96E-02
3.8 6.60E-02 6.71E-02
4 6.05E-02 6.17E-02
4.2 5.62E-02 5.69E-02
4.8 4.37E-02 4.59E-02
5 4.15E-02 4.31E-02

Delta
(%)

1.7
0.4
3.2
-0.9
-0.6
-0.6
-0.8
0.3
-0.8
-1.0
2.4
0.7
0.0
-2.6
15
1.7
2.0
1.2
5.0
3.9

50 th Percentile TED

1.0E+02

Deposition Velocity =0 cm/s

1.0E+01

TED (rem)
1.0E+00

1.0E-01 4

1.0E-02 +

NN EN IR RN N BN

EMACCS2
H HotSpot 2.07

V¥ X q® 4?2 2,2 %12 6

Y S q° qf

Distance (km
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1 Ci Pu-239 Unfiltered Release
95th percentile TEDs
Depositic?n Velocity =0 cm/s HotSpot
EHO
: Delta
Distances (km) TED (rem) TED (rem) (%)
MACCS2 HotSpot 2.07
0.1 6.29E+02 6.29E+02 0.0
0.35 5.88E+01 5.58E+01 5.1
0.6 2.11E+01 2.05E+01 -2.8
0.8 1.36E+01 1.22E+01 -10.3
1 8.57E+00 8.29E+00 -3.3
1.2 6.19E+00 6.07E+00 -1.9
1.4 4.63E+00 4.70E+00 15
1.6 4.03E+00 3.78E+00 -6.2
1.8 3.19E+00 3.14E+00 -1.6
2 2.68E+00 2.66E+00 -0.7
2.2 2.38E+00 2.30E+00 -3.4
2.4 2.11E+00 2.02E+00 -4.3
2.6 1.81E+00 1.80E+00 -0.6
2.8 1.69E+00 1.61E+00 -4.7
3 1.62E+00 1.46E+00 -9.9
3.8 1.06E+00 1.06E+00 0.0
4 9.71E-01 9.89E-01 1.9
4.2 9.17E-01 9.28E-01 1.2
4.8 8.08E-01 7.83E-01 -3.1
S 7.62E-01 7.44E-01 -2.4
95 th Percentile TED
Deposition Velocity = 0 cm/s
1.0E+03
1.0E+02 -
@ MACCS2
TED (rem) B HotSpot 2.07

1.0E+01

1.0E+00 -

1.0E-01 +
S NN R AN N LS R S S
Distance (km)
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1 Ci Pu-239 Unfiltered Release
50th percentile TEDsm
Deposition Velocity =1 cm/s
EHO
: Delta
Distances (km) TED (rem) TED (rem) (%)
MACCS2 HotSpot 2.07

0.1 6.61E+01 6.07E+01 -8.2

0.35 5.30E+00 4.86E+00 -8.3

0.6 1.80E+00 1.68E+00 -6.7

0.8 1.09E+00 9.62E-01 -11.7

1 6.92E-01 6.28E-01 -9.2

1.2 4.94E-01 4.45E-01 -9.9

14 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

24 1.34E-01 1.23E-01 -8.2

2.6 1.20E-01 1.06E-01 -11.7

2.8 1.04E-01 9.29E-02 -10.7

3 8.93E-02 8.24E-02 -7.7

3.8 6.04E-02 5.51E-02 -8.8

4 5.60E-02 5.06E-02 -9.6

4.2 5.12E-02 4.67E-02 -8.8

4.8 4.02E-02 3.75E-02 -6.7

5 3.78E-02 3.51E-02 -7.1

50 th Percentile TED

1.0E+02 Deposition Velocity = 1 cm/s

1.0E+01 A
TED OMACCS2
(rem) B HotSpot 2.07
1.0E+00
1.0E-01 ¢
1.0E-02 +
P P ® YA X AE AR T h g g® 2o X0 ® ©

Distance (km)
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1 Ci Pu-239 Unfiltered Release
95th percentile TEDs
Depositic?n Velocity =1 cm/s HotSpot
EHO
: Delta
Distances (km) TED (rem) TED (rem) (%)
MACCS2 HotSpot 2.07
0.1 6.05E+02 4.47E+02 -26
0.35 4,26E+01 3.27E+01 -23
0.6 1.58E+01 1.10E+01 -30
0.8 8.18E+00 6.21E+00 -24
1 5.12E+00 4.02E+00 -21
1.2 4.07E+00 2.83E+00 -30
1.4 2.63E+00 2.12E+00 -19
1.6 2.19E+00 1.66E+00 -24
1.8 1.64E+00 1.34E+00 -18
2 1.58E+00 1.11E+00 -30
2.2 1.16E+00 9.44E-01 -19
2.4 1.00E+00 8.14E-01 -19
2.6 8.86E-01 7.11E-01 -20
2.8 8.44E-01 6.29E-01 -25
3 6.46E-01 5.58E-01 -14
3.8 4.27E-01 3.71E-01 -13
4 4,23E-01 3.41E-01 -19
4.2 4,12E-01 3.15E-01 -24
4.8 3.22E-01 2.54E-01 -21
5 2.66E-01 2.39E-01 -10
95 th Percentile TED
1.0E+03 Deposition Velocity =1 cm/s
1.0E+02
EMACCS2
TED (rem) B HotSpot 2.07
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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 Il 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 up-wind distance resulting in a Sigma-y
and Sigma-z, above the origin, equal to 50% of the input pool radius. In previous
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versions, 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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* Anspaugh (Health Physics, March 2002, VVol. 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
— lonizing

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 dependant 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 2.07, the time
period is from initial release plus 4 days (Start of Exposure = 0 days, Exposure
Duration = 4.0 days), and the Include Ground 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 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 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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HotSpot File Structure

The default installation location for HotSpot is the*”Hotspot 2.07” folder located in the
“Program Files” folder on the main drive. After HotSpot is run for the first time, the
following folders and files will be created.

“ Main Campuker (2]

[_)Program Files
[_)Hokspok 2,07
) HotSpokz0
) CamDir
=) FIDLER.
) GRS
) Bir
) Aircraft
) Conkamination
) Graund
5ol
ﬂ MultInstrumentsSetup, dat
) Maps
@Cwnte.ﬁ.erialz.bmp
1] Coyateferial2GEC. dat
ﬂ mapset.dat

) MetData
¢’| ExamplesequentialData.inp

) Dukpuk
) Scenaric
_‘_]Examples

#]Acute Pu-233 100% Lethalit,
_,_1 General Explosion. hot
_,_1 General Fire. hat
1 General Plume, hot
1 General Resuspension, hot
1 Flutonium Explasion, kot
1 Flutonium Fire. hok
1 Plutonium Resuspension. hok
1 Tritiurn Release . hok
_,_1 Uraniurn Explosion, hok
_,_1 Uraniurn Fire,hot

.--1 Current.hok

) UserMix

*1 Criticality Plutonium 1E419 fissions, mix
*1 ExamnpleMixture. mix

) Help207 . Hp
[PHatzo7.exe
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HotSpot 20
e Main folder containing all HotSpot sub folders and files

CamDir

= Folder used for interfacing to the Canberra Albuquerque, Inc. Environmental
Continuous Air Monitor (ECAM). Contains ECAM alpha/beta air measurement data.

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 exercise mode.

Maps
e Location of .omp maps and associated geo position data for each map. An
example map and geo file for Coyote Hills (Albuguerque, NM) are 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.”

Help207.hlp
» HotSpot Help and Documentation program.

Hot207.exe
e HotSpot executable program.
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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, 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 al (1982, 1987, 1989), S. Pal Arya (1999).

Coordinate System

C (x,y,z,H)

Vertical axis (2)

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. A plume travels along, or parallel to, the DOWNWIND
axis..HotSpot Coordinate System
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C(x,y,z,H)=Lexp —%

Gaussian Equation

The following Gaussian model equations determine the atmospheric concentration of a
gas or an aerosol:

y

exp L exp M DF[X]
2royo;u o 2 u
y

If the inversion layer option is in effect, and 0, exceeds the inversion height (L), the
following equation is used.

Q 1y
C(x,y,z,H)=———exp - = -~ exp —— DFJx
(x.y ) V2ro,Lu P 2 o P ]

To avoid the sharp transition between the two above equations, the transition into the
inversion layer equation begins when o, 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-sec)/(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
crosswind direction (m).

Standard deviation of the integrated concentration distribution in the
vertical direction (m).

Average wind speed at the effective release height (H), (m/s).
Inversion layer height (m).

N< XXM TOO
o nn

Q
<

0z

DF(x) = Plume Depletion factor
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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. 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 (0g = 25 degrees)
B: Moderately Unstable (0g = 20 degrees)
C: Slightly Unstable (0g = 15 degrees)
D: Neutral (0g = 10 degrees)
E: Slightly Stable (0= 5 degrees)
F: Moderately Stable (0g = 2.5degrees)

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.
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Special G Stability

On occasion, it can be difficult to reconcile differences between various dispersion model
results such as NARAC 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 meter/sec (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 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 oy) 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
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 o-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 oy

Once the atmospheric stability category has been determined, HotSpot uses the equations
given in Table 2 to estimate oy 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.
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The most widely used scheme to estimate oy and oz 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 Oy and o5. The equations are associated with dispersion experiments

conducted over short grassy surfaces with roughness heights in the range from 0.01 meter
to 0.1 meter (Note: the roughness height is approximately equal to the physical height
divided by 10, e.g., a roughness height of 0.1 meter would be associated with a field of
objects with an average physical height of 1 meter). Briggs' formulas are applicable from
a distance of 0.1 km to approximately 10 km and are thought to be 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. U.S. Nuclear Regulatory
Commission Regulatory Guide 1.194 (June 2003), does not recommend extrapolating the
oy and oz. data below a distance of 10 meters. HotSpot limits the minimum downwind

distance to this 10 meter value. As shown in the following figures, the values of Oy and
0. are smooth functions of the downwind distance x. Consequently, HotSpot allows
input of distances to within 10 meters (0.01 km) of the release point.

Equations used to determine Oy and oz. This methodology is derived from Briggs,

1973.
Standard Terrain

Pasquill Oy (meter) 0z (meter)
Type

0.22x 0.20x

A J1+0.0001x
0.16x 0.12x

B J1+0.0001x
0.11x 0.080x

C J1+0.0001x J1+0.0002x
0.08x 0.060x

D J1+0.0001x J1+0.0015x
0.06x 0.030x

E J1+0.0001x 1+ 0.0003x
0.04x 0.016x

F J1+0.0001x 1+0.0003x
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Graphical representation of the above equations for sigma-y (standard terrain)

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

Sigma -z
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0.01 0.1 1 10 100
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Equations used to determine o, 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 1+ 0.0004x
0.16x &
D J1+0.0004x 1+ 0.0003x
0.11x . 0.08x
E-F J1+0.0004x V1+0.0015x

x = downwind distance, meter.

Sample Time

The equations for the standard deviation of the Gaussian concentration distribution in
cross-axis direction (oy) 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.
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Sample time = 1/50 sec

Sample time =5 min

In the HotSpot codes, the default release duration of radioactive material is 10 min. 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 )
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where—

Oy = 10-min standard deviation of the concentration distribution.

Gy' = Standard deviation for averaging time, t.

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.

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, 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).

o(H)=u(e)

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

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.

- O] x|
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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 combine to keep the released substance at ground level.
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 1 cm/s can be assumed and the dry
deposition flux to the surface (e.g., uCi /cm?), 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 (l,), with
values for the former ranging from 0.04 to 7.5 cm/s, and those for iodine ranging from
0.02 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” 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. (RASCAL 3.0: Technical Reference Manual-DRAFT, U.S. Nuclear
Regulatory Commission, Incident Response Operations, Page3-5, April 14, 2000.
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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 micrometer aerodynamic diameter) and non-
respirable particles (greater than 10 micrometer aerodynamic diameter) portions of the
source term. The default values are:

Respirable Source Term Deposition Velocity = 0.3 cm/sec

Non-respirable Source Term Deposition Velocity = 8 cm/sec

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.
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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 Material at Risk that is actually impacted by in
the release scenario.

Leakpath Factor (LPF): The fraction of the Material at Risk that passes through some
confinement or filtration mechanism. For unmitigated release scenarios, the Leakpath
Factor is 1.

Airborne Fraction (AF): 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 micrometer).

Respirable Release Fraction: The fraction of the material at risk that is dispersed into the
atmosphere with an AMAD of 1 micrometer; Respirable release fraction = AF xRF.

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 micrometers;
Non-respirable release fraction = AF x (1-RF). The final HotSpot respirable and non-
respirable source terms are,

Respirable Source Term = MAR xDR xLPF x AF xRF

Non-respirable Source Term = MAR xDR xLPF xAF x(1-RF)
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The source term in HotSpot is allowed to decrease with downwind distance. This plume
depletion is accomplishes 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 ("Deposition of Particles and Gases," in Meteorology and Atomic Energy-1968,
D.H. Slade, Ed. (U.S. Atomic Energy Commission, Report TID-24190, National
Technical Information Service), pp. 202-207 (1968) ).

The equation used in HotSpot is—

_v 2
X uvsm
1
DF(x) = exp > dx
1 H
] a, (X)exp 5
0 Ué(x)
where:
DF(x) = Depletion factor
X = Downwind distance (m)
Y = Deposition velocity (cm/s).
u = Average wind speed at the effective release height (H), (m/s).
H = Effective release height
0z(x) = Standard deviation of the air concentration

distribution in the vertical direction (z axis) for
either Standard or City terrain, as applicable.

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.

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 e 9740 ]

Where

t = years post release
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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 e*%1]

Where
t = years post release
GRF = Ground roughness correction factor (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

—

| Effective Height
Physical Height

The actual plume height may not be the physical release height (the stack height). Plume
rise can occur because of the velocity of the stack emission, and the temperature
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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 (i.e., 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.

Buoyant Plume Rise
The buoyancy flux, F, is:

F =r2gv 1-1a s
T

S
Where:
g = gravitational acceleration (9.8 m/s2)
v = stack exit velocity (m/s)
r = stack radius (m)
Ta = ambient air temperature (deg K)
Ts = 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,

u(H)

H=
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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 g 040 for F =55

X* =49 g0.625 for F <55

For stability classifications E and F,

foru(H) > 1.4 m/s

F 1/3

H=h+26 ——
u(H)S
for u(H) < 1.4 m/s

Where:

S =0.0209/Ty4 for stability class E
S =0.0359/Ty 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,
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I_|:h+6vr

u(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+15 _— _ g-1/6
u(H)
Where:

5 m4/s2
F=0.2502rv)
S =0.000875 for stability class E
S =0.00175 for stability class F

Fuel Fire

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/gallon)

\ = volume of fuel (gallons) burned in time, At (s)
d = fuel density (g/cm3)
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H = heat of combustion (cal/g)
f = fraction of the heat of combustion that is radiated.
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 VV / t

Given the heat emission rate, the buoyancy flux is,

F=aQ/mCPpT ,(m4/53)

Where:
a = gravitational acceleration (9.8 m/sz)
C = specific heat of effluent gases3 (0.24 cal/[g °K])
p = density of air (1.29E+03 g/m )
T = 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* = distanceoa%sociated with final plume height ,(m) (Munger, 1982)
X* =119 (F) " for F >55
0.625
X* =49 (B)" for F <55
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For stability classifications E and F,

H=2.6[F/u(2) S]**

Where:
S =0.0209/ T4 for stability class E
S =0.0359/ T4 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/ -R/y

Where:

H = Effective release height via the Briggs methodology, (m)
R = Radius of burning fuel pool, (m)

y = entrainment coefficient for buoyant plume rise, 0.6

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 up-wind distance resulting in a Sigma-y and Sigma-z, above the origin,
equal to 50% of the input pool radius.
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Upwind distance, dz, for for determination of sigma-z (x + dz)

z
2 sigma-z (x +dz)
dz

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

2 sigma-y (x +dy)

radius = 2:sigma-z

radius.= 2 sigma-y.

Upwind virtual
source terms R
ire

y

Upwind =~ Downwind

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

A single elevated area source models the initial distribution of material. This area source
is represented by 2 separate upwind 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 “dy” 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 O, directly over the fire. The applicable algorithms for Oy and Oy are used, where

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

* 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 Oy 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).
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Example of calculating an upwind virtual source distance, dy
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,

0.04x

Oy - —F———
Y J1+0.0001x

where X = meters

Equation 1.

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+0.0001d,

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 %.

1st iteration, dy (1): note - The initial dy is O (zero).

500/ 2)/1+0.0001 (0
(500/2) © _ 6251

1) = 3 meters
dy® 0.04 0
500/ 2)+/1+ 0.0001 (6.25x103
dy(2) = ( )\/ ( 109 . 7.97x10% meters
0.04
500/ 2)4/1+ 0.0001 (7.97 x103
dy(@3) = { N ( 109 =8.38x10° meters

0.04
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(500/2)y/1+0.0001 (8.38 x103)

=8.47x103 meters
0.04 10

dy(4)=

(500/2)y/1+0.0001 (8.47 x10°)

=8.49x103 meters
0.04 10

dy(®)=

(500/2)y/1+0.0001 (8.49 x10°)
0.04

dy(6) = =8.50x10% meters

(500/2)/1+0.0001 (8.50 x10°)
0.04

dy(7) = =8.50x10° 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,
is 8.50 x 103 meters, or 8.50 km.
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Explosion (Non-nuclear)

The release is partitioned as follows:

Upwind distance, dz, for for determination of sigma-z (x + dz)
z

-~ dz(h=5)

= _dy(h=5) ———

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

——

Upwind distance, dy, for for determination;of sigma-y (x + dY)/7Z

** Yadius = 2 sigma-z h(5)
_________ Y VR R TR S \

de.. _I'E_ldiUS = 2 sigma-y: h(4)

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

h(3)

Upwind virtual H,
source terms y
h(2)
h(1)
) Upwind Downwind X
sigma-y (x=0) = 0.5 cloud radius
sigma-z (x=0) = 0.2 cloud top
Cloud top = 76 (WSJ'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. 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 fifth [ h(5) ], area
source are shown. The term “dy” indicates the upwind “virtual” distance used for the
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horizontal (y), component of h(5), and the “dz” 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 Oy or Oz, over the point of explosion. The applicable
algorithms for Oy and Oy are used (see Atmospheric Stability Classification), where the

value of Oy and O, 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 20y,

therefore Oy = radius/2).

= Oy over the explosion point equal to 20% of the cloud top. If the equation for O
never approaches the 20% criterion (possible for very large explosions, and stability
class E or F), the target O 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).

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.

Department of the Army Technical Manual TM-5-1300. (Also Department of the

Navy Publication NAVFAC P-397, and Department of the Air Force Manual AFM
88-22). Structures to Resist the Effects of Accidental Explosions, June 1969.
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Resuspension

A
Y

dy

2 sigma-z (x + dy)

Upwind virtual

source term .
] \ 2 sigma-y (x + dy) ———=
|

ind Downwind

Q
3
2
>

sigma-y (x=0) =0.5R
sigma-z (x=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 Oy, 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.

~Resuspension Factor { RF [ 1/meter])

 Anspaugh- Health Physics, Mey 20020l 82, Mo b RF = 1E-05 exp-0.07 {) + BE-09 exp{-0.003 1) + 1E-09; tin years

' MCRF Report Mo 1249 RF (0-1) day = 1E-06; BF (110 1,000 days) = TE-06 /t; RF(t> 1000 days) = 1E-09; tin days

 WASH 1400 (MUREG-75/014) RF = 1E-05 exp(-0.677 1) + 1E-09 ; tiny=ars
" Constant BF = I 1 _00E-05 (17 meter)
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For wind speeds in excess of 3 m/s, the RF is adjusted as follows,

RF(u) = RF  (u/3)*; foru> 3 m/s

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

The effective source term (Qgff) associated with the observed ground contamination (G)
IS,

Qer=RF(U) e Germe Oy, origin ® 9z, origin * U (Cils)

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. Qgff can 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/m2), 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:

e the radiation types and energies emitted by the radionuclide,

e the radiation types and energies emitted by any radioactive daughter products,

= the physical half-life of the radionuclide and any daughter radionuclides,

e the route of intake,

e the airborne particle size distribution and solubility of inhaled radionuclides, and

e 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.

Accordingly, it is generally not appropriate to use the commonly available 50-year
committed effective dose equivalent dose conversion factors to predict acute health
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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, we will assume 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 keVV/um while alpha particles
associated with the decay of Pu?*® or Am?** have LET values of approximately 150
keV/um.

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
RBE4 = 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 RBEy Values for Internally Deposited Alpha Emitters and
External Neutron Exposure

This section discusses the recommended Relative Biological Effectiveness (RBEg) 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 RBEq values will be used by LLNL/NARAC
(in the LODI, NUKE, and HotSpot codes; see http://narac.linl.gov), and SNL (in the
NUKE and Turbo FRMAC codes) for evaluation of deterministic health effects. .

Stochastic Effects Relative Biological Effectiveness, (RBEs) and Quality Factor (Q)

Committed effective dose equivalent (CEDE) dose conversion factors (DCF) make use of
quality factors or alternately the radiation weighting factors (wg), 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 DCF 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.

8-5
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Deterministic Effects Relative Biological Effectiveness, (RBEg)

To evaluate possible deterministic effects, the RBEq 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 RBEy 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 RBE, of 7 for
the lung and an RBEg 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 RBE, of 3 for external neutron dose to
the red marrow.

The following Table is from IAEA-TECDOC-1432, page 99, lists the recommended
RBE4 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 l
Neutrons
Alpha particles

1
1
3
2

= |2

The following Figure is from NUREG/CR-4214 Fig. 2A.1, page 24, and also
recommends the use of an RBE, 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 0.5 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 wial dose due 10 high-LET alpha radiation, for combined, high dose-rate exposut
of the lung ot bone marrow to alpha and low-LET heta and gamma radiations. 1t wi
assumed that beta and gamma radiations were equally effective for the same patiern ¢
ireadiation, 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, 3 value of 2 was used,
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K. F. Eckerman and R. W. Leggett (ref. 4, DCFPAK Version 1.6) 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,

DCFree (Gy-equivalent /Bg) = DCF (low LET-Gy/Bq) + RBEq * DCF (high LET-Gy/Bq)

Based on the above recommendations, HotSpot will use an RBE4 of 7 for the lung and an
RBE4 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 data files. All other organs
were assigned an RBE4 value of 1.

A default RBE4 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 11, Addendum 2, LMF-136, “Health Effects Models
for Nuclear Power Plant Accident Consequence Analysis,” May, 1993.

4). Eckerman, K. F., Leggett, R. W. DCFPAK 1.6: “Updated Dose and Risk Coefficient
Database for Rapid Assessment of Radiation Doses,” 2007.

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,

8-7
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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:

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(T) is the dose
conversion factor for the target organ).
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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
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.
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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
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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
(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, Sl 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

8-10
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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
Quiality 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 Sl 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/(cm2-s), for example) and the observed air concentration near the ground surface
(uCi /cm3).

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 form 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 producing 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.

lonizing 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.lInl.gov

Natural Background Radiation—Ionizing 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 micrometers aerodynamic diameter. In HotSpot , the RF is assumed to have an
Activity Median Aerodynamic Diameter (AMAD) of 1 micrometer.

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/m2) and the radionuclide air concentration (Ci/m3) 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 sy 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
micrometers) 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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