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RESRAD-RDD Background

=  Computer model that runs on the .NET framework (4.0)
= First released in 2004

= Calculates operational guidelines for a radiological dispersal device (RDD)
= Helps decision-makers make risk-informed decisions in an RDD scenario

= Examples of calculations include:

Access control to contaminated zone

Procedures for protection (evacuation/sheltering)

Relocation and critical infrastructure utilization

Temporary access to contaminated zone for essential services
Transportation and access routes

Release of real property from controlled areas

Food safety

= Employed in real-world training exercises (e.g. Liberty RadEx)
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RESRAD-RDD&IND Basics

= Eleven radionuclides are currently considered in RESRAD-RDD:

Am-241
Cf-252
Cm-244
Co-60
Cs-137
Ir-192
Po-210
Pu-238
Pu-239
Ra-226
Sr-90

4.33E+2y
2.64E+0y
1.81E+1y
5.27E+0y
3.02E+1y
2.02E-1y
3.79E-1y
8.77E+1y
2.41E+4 y
1.60E+3y
2.88E+1y
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Smoke detectors
Neutron source
Medical procedures
Medical procedures
Medical procedures
Welding
Electrostatic brush
Thermoelectric batteries
Thermoelectric batteries
Oil-drilling byproduct

Thermoelectric batteries

= 44 - 60 additional radionuclides will be added for RESRAD-RDD&IND
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RESRAD-RDD Conversion (Interface)

Released Under Development

%" RESRAD-ROD Version 1.6.1 Beta
File  Help

Globalettings - susp. / Conv. Factors | Exposure / Respirator Fammet*l
Group: A - n / Resuspension / Conversion Factors

Access Control During Emergency Response
Operations

~Zelect Dose Conversion Factars [DCFs)

" ICRP-30 Based ® |CRP-60 Based \Hew DCFs |

" Protective Action Guides [PAGS)

Edit PAG Values |

Result Type

@ General Guidelines

() Measurement-Based Guidelines

—Select a group

Access Control During Emergency Response Operations Roughness Coraction Factor for Ext Fadistion

Group B | Early Phase Protective Action (Evacuation or Sheltering) Resuspension Factor (1/m):

: - I Rate to DCF frem / R):
Group ¢ | Relocation and Critical Infrastructure Utilization Erposure Rateto DCF =m /)

General
Parameters Specific

Group D | Temporary Access to Relocation Areas for Essential Services

Group E | Transportation and Access Routes

TE e e Parameters

[ 51 Units in Resuts

Group F-4 | Release of Real Property from Radiologically Controlled Areas

FREERER

Group G Food Consumption Caloulate 3>

Exit RESRAD-RDD |

= Interface uses a combo-box for group selection and tab controls for parameters
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RESRAD-RDD Conversion (Interface)

o | 43 RESRAD-RDD )
Radiactivity Measurement Data for Group A ————————————————————_———————m————————m—mm§§CGLGL
‘ File View Help

Only one type of measurement dote will be used to caleulate sta | Comection / Resusp. / Conv. Factors| Exposure / Respirator Parameters |_

than one type of measurement data s entered, the measurement = Exposure / Respi Protection P
in the drop-down lisk below will be wsed in the calculation of Concentratlons Can be rgencyResponse
Measurement type to be used in calculations: d H H
entered in units other
Radionuclide concentration measurememj 2
than pCi/m
Ground
sulrface Adr Speciiic Ground Mazs
[pCifm*2] !
5_00E+002
2= ) Inhalation Rate fm ¥/hr): 14
Dust Ingestion Rate {m %hr): 1.25E-05

|500000000 Protection Factor with Full-Face Respirator: 100

|2 5000000| | Protection Factor with Cortinuous-Flow Resp.: 1.000
Ir-192 IO_ IO
Po-210 |0 [o

DCF Library

Pu-238 |0 |0 ) ICRP30 @ ICRP &0
Pu-239 IO IO [T] 51 Units in Resutts
R3-276 |0 Io l Calculate >> l
S50 o g [ DCFs PAGS |

A parameter's vatveis hightighted inyetlow ifitis defouit,
Press #he "Fa"key fo revert back fo the defoultvalue,

OK. |

= Sl units will be available for concentration (Bq) and dose (Sv)
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RESRAD-RDD Conversion (Interface)

= More units available:
— More units now supported for concentrations (Ci, Bg, d.p.m., d.p.s.)
— Sl units (Sv) will be supported for doses
— Concentrations may be entered in magnitudes from pico- to giga-

= (Calculations about nine times faster with the same inputs
= Fewer clicks required for the same calculations
= Reports can be written to PDFs instead of HTML
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RESRAD-RDD Conversion (Database)

AN

L. v Computer » Local Disk (C:) » RESRAD Fagfily » RDD » L6.2Beta » Data . » database
o
Qrganize « Include in library * New folder Organize » Include in library Share with » Burn MNew folder
457 Favorites e e e Date modified - Type X Favorites Daceas Type gas
B Desktap ) Reglits CannedGroupCaads 72472013 120 P Mlicrosaft Excel 97.. M Desktop 3] Calc_Engine.mdb 10/22/2013 257 PM  Microsoft Access . 3,808 KB
& Downloads ] gfsults-CannedGroupChads 332010 314 P Microsoft Bxcel 97.. & Downloads
il Recent Places esults-CannedroupCoads 342010 10:18 &M Microsoft Bxcel 87, 5] Recent Places
Results-CannedGroupCTxds 342010 1118 AN Microsoft Bxcel 97,
4 Libraries Results-CannedGroupDlxds 322010 8:47 &M Microsoft Bxcel 97.. w4 Libraries
4 @ Documents @J Results-CannedGroupD2xds 3142010 411 Pr Microsoft Bxcel 7., @ Documents
b g Music & Results-CannedGroupELxs 352010 1:08 PR Microsoft Excel 97..,
& i Pickures E Results-CannedGraupE2ds 3572010 108 P Microsoft Excel 97..
. .
- [ videos B Results-CannedGroupE3xds 3/5/2010 1:08 PR Microsoft Excel 97.., S I d t b f I
@J Results-CannedGroupF_building.xls 3/4/2010 9:19 PR Microsoft Bxcel 97.., I n g e a a a S e I e
@J Results-CannedGroupF_soilxds 8/22/2013 3114 P Microsoft Bxcel 97.., . .
Results-CannedGroupGlds 3/5/2010 1:07 PRA Microsoft Bxcel 97..,
P
B Results-CannedGroupG2.ads /52010 1:07 PRA Microsoft Becel 7.,
Results-CannedGroupGxs 52010 10:43 A0 Microsoft Becel 97,
P
Results-CannedGroupGdaxds /52010 10:44 20 Microsoft Bxcel 97
P!
Results-GroupAlxls 872372012 9:59 A0 Microsoft Bxcel 97
P
B4 Results-GroupAlcontinuouslxds 37342010 4:06 Ph Microsoft Bxcel 97.., 19kB
B Results-GroupAlcontinuous2.xds 37342010 4:07 PM Microsoft Bxcel 97.., 19kB
B2 Results-GroupAlcontinuousdxds 37342010 4:07 PM Microsoft Bxcel 97.., 19kB
B2 Results-GroupAlcontinuousdxds 37342010 4:07 PM Microsoft Bxcel 97.., 19kB
E Results-GroupAlcantinuousSxls 37342010 4:07 PM Microsoft Bxcel 97.., 25kB
E Results-GroupAlnoprotectlads 3372010 407 PR Microsoft Bxcel 97, 22kB
] Results-Groupalnoprotect2ds 3/3/2010 408 PM Microsoft Bxcel 97.. 19KB
@J Results-GroupAlnoprotectduls 37342010 4:08 P Microsoft Excel 97.., 19 KB
Results-GroupAlnoprotectdxds 3/3/2010 £08 PR Microsoft Bxcel 97.., 19 KB
P P
Results-GroupAlnoprotectSxds 3/3/2010 £08 PR Microsoft Bxcel 97.., 25 KB
P P
Results-GroupAlpurifylxds 3/3/2010 £08 PR Microsoft Bxcel 97.., 19 KB
padp
Results-GroupAlpurify2 xs 3/3/2010 £08 PR Microsoft Bxcel 97.., 19 KB
padp
Results-GroupAlpurify3.xds 3/3/2010 £09 PR Microsoft Bxcel 97.., 2T KB
padp
Results-GroupAlpurifydads 3/3/2010 4:08 PR Microsoft Becel 7., 19 kB
padp
Results-GroupAlpurifySads 3/3/2010 4:08 PR Microsoft Becel 97, 25 kB
palp
Results-GroupA2.xds 8/23/2013 9:58 A0 Microsoft Bxcel 97, 55 kB
P
Results-GroupA2.xls 8/23/2012 9:58 A0 Microsoft Bxcel 97 S5 KB
P
Results-GroupB.uds 872372012 10:50 &M Microsoft Bxcel 97 3BKE
P!
2] Results-GroupB-measurernent s 872372012 10:24 a0 Microsoft Bxcel 97 2TKB
Results-GroupClxls 107772010 9:32 80 Microsoft Bxcel 97, 25kB
Results-GroupCl-measurement.xls 8/23/2013 1:12 PM Microsoft Bxcel 97.., 28 KB
Results-GroupC2xs 342010 11T AN Microsoft Bxcel 97, 23 KB,
-GroupC2-measurement.xls 8/23/2012 117 PM Microsoft Bxcel 97, 35
ReNglts-GroupDlads 82372013 2113 PM Microsoft Bxcel 97..
P!
@J ResuNg-GroupD1-rmeasurementils 872372013 2:58 P Microsoft Excel 97.., 4 KB
%J Results: 8/22/2013 2:38 P Microsoft Bxcel 97.., 3T KB
@J Results- 1119201010014 ... Microsoft Bxcel 97.., 1,609 KB
l 72 items
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RESRAD-RDD Conversion (Database)

= QC/QA procedures much easier to implement

= Debugging errors is faster process with fewer side-effects

= Database scalable for more radionuclides

= No special spreadsheet software required

= Validating user input simpler with a database-driven code

=  The program and database communicate faster than a spreadsheet

Argonne National Laboratory, 23rd Annual Argonne Symposium for Undergraduates in Science, Engineering, and Mathematics
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Future Goals

= Scale up the database by incorporating more radionuclides (such as IND

[Improvised Nuclear Device] or nuclear bomb)

= Allow users to run calculations with multiple radionuclides
= Provide callback support in the case of an RDD or IND event

= Argonne National Laboratory, 23rd Annual Argonne Symposium for Undergraduates in Science, Engineering, and Mathematics
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RESRAD-RDD&IND Conversion (Interface)

= More units available:
— More units now supported for concentrations (Ci, Bg, d.p.m., d.p.s.)
— Sl units (Sv) available for dose results
— Concentrations may be entered in magnitudes from femto- to giga-

Calculations ten times faster with the same inputs

Fewer clicks required for the same calculations
Reports can be written to PDFs instead of HTML

HPS Annual Meeting
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RESRAD-RDD&IND Conversion (Calculations)

= (Calculation times for all Group A general guidelines, all inputs left at default values
=  Version 1.7 results: 32.8 seconds:

TABLE 3 Stay Times® With Full Face Air Purifying Respirators based on Air Concentration Measurement

Air Concentration Stay Time for Given Dose

pCim® Bg'm® dpm/m® 0.1 rem 0.5 rem 1 rem 2 rem 3 rem 10 rem 23 rem 100 rem

o1 0.0037 0222 — — —_ — — —_ — —

1 0.037 222 3.26E+03 — — — — —_ — —

10 0.37 22 326E+02 1.63E+03 326E+03 6.31E+D3 — — — —

100 37 i) 3.26E-01 1.63E+02 326E+02 6.31E+02 163E+03 326E+05 S.M4E+03 —
1.000 37 2220 3.26E+00 163E+01  326E+01  651E+01  163E+02 326E+02 S.M4E+02 3.26E+03
10.000 370 22,200 326E-01 L63E+00  326E+00  6IIEH00  163E+01  326E+01  B.4E-01  3.26E+02
100,000 3,700 222,000 326E-02 163E01  326E01  651E01  163E+00  326E+00  S.M4E+00  3.26E+01

a Stay times were calculated based on a reference radionuclide. If the contaminant is known, stay times listed in this table can be adjusted by multiplication
+with a correction factor. The correction factor was calculated as the ratio of the DSE of the reference radionuchide to the DSE of the radionuclide of concermn.

.
| Ve r' S | O n 2 . O r‘e S u It The cotrection factors for different radionuclides are different. They are listed in Table 5. When the caleulated stay time is greater than 8760 h (ie. 1 v1), "—"

is displayed.

Group A - Results - With Full-Face Air-Purifying Respirators
Table 3 - Stay Times' With Full-Face Air-Purifying Respirators Based on Air Concentration Measurement

Air Concentration Stay Time' for Given Dose. h
[ povew | sgem ‘dpm/100 cm* 01rem 05rem T rem 2cem 5rem 10rem 25 rem 100 rem

01 0.0037 0222 s cassa o i e s S s

1 0.037 222 3.26E+3 i s oS o Lo — ——

10 handd 22 3.26E+2 | 1.63E+3 | 3.26E+3 | 6.51E+3 - — = -

1 A o= 3.26E+1 | 1.63E+2 | 3.26E+2 | 6.51E+2 | 1.63E+3 | 3.26E+3 - -
1800 ¥ s 3.26E+0 | 1.63E+1 | 3.26E+1 | 6.51E+1 | 1.63E+2 | 3.26E+2 | 8.14E+2 | 3.26E+3
10000 370 220 | 326E-1 | 1.63E+0 | 3.26E+0 | 6.51E+0 | 1.63E+1 | 3.26E+1 | 8.14E+1 | 3.26E+2
100,000 3700 22,000 3.26E-2 | 1.63E-1 | 3.26E-1 | 6.51E-1 | 1.63E+0 | 3.26E+0 | 8.14E+0 | 3.26E+1

' Stay times were calculated based on a reference radionuclide. If the contaminant is known, stay times listed in this table can be adjusted
by multiplication with a correction factor. The correction factor was calculated as the ratio of the DSR of the reference radionuclide to the
DSR of the radionuclide of concern. The correction factors for different radionuclides are different. They are listed in Table 5. When the
calculated stay time is greater than 8,760 h (i.e., 1 yr), '---'is displayed.
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RESRAD-RDD&IND Conversion (Calculations)

= Calculation times for all Group D general guidelines, all inputs left at default values

=  Version 1.7 results: 64.2 seconds:

Table 1 Stay Times for Group D1-1 Scenario: Worker Access to Business (Outdoor Exposure)

Eadionuclide Concentration Stay Time (continuous exposure time in hours) to Receive 500 mrem
pCi cm? pCi m? Bg cm? dpm/100 cm? Am-241 Cf-232 Cm-244 Co-60 Cs-137 Ir-192 Po-210 Pu-238 Pu-239 Fa-226 Sr-90
1.OOEH0L 1.00E+03 3.70E-01 222E+H03 > 3760 > 3760 > §760 > §760 > 3760 > §760 > §760 > §760 > 3760 > §760 > §760
1.00E+H02 1.00E+06 3.T0EH0 > 8760 > 8760 > 8760 > 3760 > 8760 > 3760 > 8760 > 8760 > 8760 > 8760 > 8760
1.00EH)3 1.00E+07 3. T0EHIL 222E+H05 3.00E+02 6.92E+03 1.99E+H)3 3.7T4EH03 > 8760 > 8760 1.05E+03 1.98E+02 1.35E+H02 1.04E+H03 > 8760
1.00E+H)4 1.00E+08 3. T0EH)2 222E+H06 8.68E+00 4.37E+01 1 46E+01 2 TEHR 1.09E+H03 1 42EH03 6.80E+01 1.37TEH0 §.94E+H00 7.82E+01 2 T1EH)3
1.00EH)3 1.00E+09 3. T0EH)3 8.68E-01 3.04E+00 1 46E+00 2.63E+01 9 60E+01 9 86E+H01 6.21E+00 7.37E-01 6.94E-01 6.03E+00 1.90E+02
L.OOEH)6 1.00E+10 3.T0EHM 8.68E-02 3.94E-01 1.46E-01 2.63E+00 9.36E+H00 2.61EH00 §.21E-01 1.37E02 §.94E-02 6.03E-01 1.33E+01
1LOOEH)T 1.00E+11 3.T0EH)3 8.68E-03 3.94E-02 1.46E-02 2.63E-01 9.36E-01 9.61E-01 §.21E-02 1.37E-03 §.94E-03 6.03E-02 1.33E+00
V sl JIWII CmiW | o JdMIVI e dd oWV IV TNAI .
Group D - Results - Stay Time Tables for Group D
Table 1 - Stay Times for Worker Access to Businesses (Outdoor Exposure)
Radionuclide Concentration Stay Time (h) for 500 mrem
pCifcm? pCi/m* Bg/cm* dpm/100 cm?|  Am-241 Ci-252 Cm-244 Co-60 Cs-137 Ir-192 Po-210 Pu-238 Pu-239 Ra-226 Sr-90
1.00E+1 1.00E+5 3.70E-1 222E+3 =8.7T6E+3 >8.76E+3 =8.76E+3 >8.76E+3 =8.76E+3 >8.7T6E+3 >8.76E+3 >8.7T6E+3 >8.76E+3 >8.76E+3 >8.76E+3
1.00E+2 1.00E+6 3.70E+0 2.22E+4 =8.76E+3 >8.76E+3 =8.76E+3 >8.76E+3 =8.76E+3 >8.76E+3 >8.76E+3 >8.76E+3 >8.76E+3 =8.76E+3 >8.76E+3
1.00E+3 1.00E+7 3.70E+1 2 22E+5 3.00E+2 6.92E+3 1.99E+3 3.74E+3 =8 76E+3 >8.76E+3 1.05E+3 1.98E+2 1.55E+2 1.94E+43 >8.76E+3
1.00E+4 1.00E+8 3.70E+2 2.22E+6 8.68E+0 4.57E+1 1.46E+1 2.72E+2 1.09E+3 1.42E+3 6.89E+1 7.57E+0 6.94E+0 7.82E+1 2.71E+3
1.00E+5 1.00E+9 3.70E+3 2. 22E+7 8.68E-1 3.94E+0 1.46E+0 2 63E+1 9.60E+1 9.86E+1 6.21E+0 7.5TE-1 6.94E-1 6.03E+0 1.90E+2
1.00E+6 1.00E+10 3.70E+4 2.22E+8 8.68E-2 3.94E-1 1.46E-1 2.63E+D 9.36E+0 9.61E+0 6.21E-1 7.57E-2 6.94E-2 6.03E-1 1.53E+1
1.00E+7 1.00E+11 3.70E+5 2.22E+9 8.68E-3 3.94E-2 1.46E-2 2.63E-1 9.36E-1 9.61E-1 6.21E-2 7.57E-3 6.94E-3 6.03E-2 1.53E+0
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RESRAD-RDD&IND Conversion (Calculations)

= Time saved by:
— Keeping constant values within .exe file
— Parallelizing code as appropriate
— Preserving data that will be reusable

— Writing tables by nuclide instead of by concentration:

Group D - Results - Stay Time Tables for Group D
Table 1 - Stay Times for Worker Access to Businesses (Outdoor Exposure)

Radionuclide Concentration Stay Time (h) for 500 mrem

pCilcm? pCifm2 Bg/cm? dpm/100 cm?|  Am-241 Cf-252 Cm-244 Co-60 Cs-137 Ir-192 Po-210 Pu-238 Pu-239 Ra-226 Sr-90
1.00E+1 1.00E+5 3.70E-1 2.22E+3 =8.7FE+3 >8.7T6E+3 >8.76E+3 >8.T6E+3 >8.75E+3 >8.7T6E+3 >8.76E+3 =8 7T6E+3 >8.76E+3 =8 TBE+3 >8 76E+3
1.00E+2 1.00E+6 3.70E+0 2.22E+4 =8.7¢E+3 >87 E+3 =87 E+3 >8 7E+3 =P TGE+3 >P.113E+3 >F, 1 6E+3 >4, 6E+3 > BE+3 >'. BE+3 >4.i6E+3
1.00E+3 1.00E+7 3 70E+1 2 22E+5 300=+2 5.922+3 _1.992+3 _3T4E+3 =8 THE+3 _>B.75E+3 _104E+3 _1.9iE+2 _1.53E+2 _191E+3 >816E+3
1.00E+4 1.00E+8 3.70E+2 2.22E+6 8.68=+0 4.572+1 1462+1 | 2.72E+2 1.09E+3 1.42E+43 6.8UE+1 T5'E+0 6.91E+0 T82E+1 271E+3
1.00E+5 1.00E+9 3 70E+3 2 22E+7 8 6EE-1 394240 1.462+0 2 63E+1 9.60E+1 9.8EE+1 6.2 E+0 7.57EA1 6.94E-1 6.03E+7 19)E+2
1.00E+46 1.00E+10 3.T0E+4 2.20E+8 B.6GEE-Z 3.94E-4 1.4€E 1 263F-0 9.36E <0 9.61FE+0 6.21E 1 7.57E-2 6.94E-2 6.037--1 1.5E+1
1.00E+7 1.00E+11 J.70E+5 2.22E+9 8.662-3 3.942-2 1.46E-2 2.63E1 9.36E-1 9.61E-1 6.2.E-2 7.5/E-3 6.94E-3 6.03E-2 1.53E+0

— This order saves time since radionuclide-specific data is not reset in every cell
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Improvement of RESRAD-RDD

= Converting RESRAD-RDD from Excel Spread Sheets to a
“code”

= Adopting the new Resuspension Factor formula used by
TurboFRMAC

= Updating the DOE/HS-0001 (Prelim. Report on Operational
Guidelines)

= |ncorporating the “Additional Scenarios” to the code

= Adding Improvised Nuclear Device (IND) and reactor accident
radionuclides and scenarios
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Future Plan

= Develop new risk models for Improvised Nuclear Device (IND) incidents
= Collect new data to support database and modeling parameters
= Conduct model-model comparison and model-data validation exercises
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Thank you!

RESRAD RESRAD Home Page

FAMILY OF CODES

The next RESRAD training Course: Sept. 15-26, 2014 at Argonne National Lab
More Info at RESRAD Web Site:
http://www.evs.anl.gov/resrad

Email: resrad@anl.gov
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