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Final Approval, January 2017

https://www.epa.gov/radiation/protective-action-guides-pags



• Incorporates FDA’s recommended PAG of 5 rem projected Child 
Thyroid Dose for administration of stable iodine (KI)

• Removes the 25 rem Adult Thyroid Dose and the 50 rem Skin Dose 
Evacuation PAGs

• Removes the 50-year, 5 rem Relocation PAG 

• Provides guidance for reentry, late phase cleanup and waste disposal
• Adopts the FDA’s 1998 Food PAGs
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Time Phase Start Duration Protective 
Actions

Early Begins with the radiological release May last hours to days; 
Generally considered to last 
4 days (~96 hours)

Evacuation and/or 
Shelter in Place

Intermediate Release under control or terminated 1st Year
2nd & Subsequent Years

Relocation

Late Transition from strategies driven by 
urgency, to strategies aimed at 
reducing longer-term exposures 

Not Defined Relocation
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Early Phase
Protective Action
Recommendation

PAG
(Projected Dose) Comments

Sheltering-in-Place or 
Evacuation 

1-5 rem Evacuation (or, for some situations, sheltering-in-place) 
should be initiated when projected dose is 1 rem

Administration of 
prophylactic drugs – KI

5 rem to child 
thyroid from iodine 

exposure

May require approval of state medical officials (or in 
accordance with established emergency plans)

Intermediate Phase
Relocate the general 
population 2 rem 1st year following the event

Relocate the general 
population 0.5 rem In the 2nd and subsequent years

Late Phase
Relocate the general 
population NA PAGs will not be used to guide restoration and recovery
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Ground
Shine (γ)

Submersion (γ)

Inhalation (α,β,γ)

Inhalation of Resuspended
Material (α,β,γ)

Deposition

Plume Pathways

Ground Pathways
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Early Phase
1. Inhalation of radioactive materials in the plume
2. Direct exposure from radioactive materials in the plume
3. Inhalation of ground-deposited radionuclides resuspended into 

the breathing zone
4. Direct exposure from “groundshine” from deposited radioiodines

and particulates

Intermediate & Late Phases
1. Inhalation of ground-deposited radionuclides resuspended into 

the breathing zone
2. Direct exposure from “groundshine” from deposited radioiodines

and particulates
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ACCIDENTAL RADIOACTIVE CONTAMINATION
OF HUMAN FOOD AND ANIMAL FEEDS:

RECOMMENDATIONS FOR STATE AND LOCAL AGENCIES
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Protective Action
Recommendation

PAG
(Projected Dose) Comments

See Below
0.5 rem (E50)

5 rem (HT)
Whichever is more limiting (Whole Body or Organ)
from ingestion of contaminated food in 1st year

Ingestion Protective Action Recommendations

All foods
Isolate by temporary embargo until survey and initial sampling is completed
Determine whether condemnation or other disposition is appropriate

Milk
Hold for decay or divert to other products involving adequate decay during processing 
(e.g., cheese, butter, dry milk solids, or evaporated milk)

Fruits and
Vegetables

Wash, brush, scrub or peel to remove surface contamination
Preserve by canning, freezing, dehydration, or storage to permit decay

Grains Process by milling and polishing to remove surface contamination

Animals Move to shelter and/or corral; provide protected feed and water



Latest Revision 
November 2017
Available on 

Nevada National Security Site
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http://www.nnss.gov/pages/programs/frmac/frmac_documentsmanuals.html



• Provides the technical basis for FRMAC Dose Assessments

• Provides the technical basis for the Turbo FRMAC© Software Package

• Provides updated tabulated reference data for default assessment 
conditions (e.g., Time Phases, PAGs, likely nuclides of concern)

NOTE: The FRMAC Assessment Division strives to implement the best 
technical health physics, however these may differ from other 
agencies due to a difference in alternate assumptions
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FRMAC Assessment Working Group (AWG) develops and 
implements consistent, defensible and state-of-the-art 
radiological assessment methods across all the represented 
agencies/organizations
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• Turbo FRMAC automates FRMAC Assessment Manual methods
• Turbo FRMAC eliminates most human errors
• Turbo FRMAC is a deployable software application
• Turbo FRMAC is not a replacement for Health Physics 

knowledge and experience
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• Software may only be issued to Federal, State, Tribal, Local 
responders with Justification

• Registration required via the following site:
https://nirp.sandia.gov/
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Ribbons and Tabs
 Controls calculations
 Allows movement to other work options
 Provides any error messages
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 Buttons
– Required Inputs
– Other Inputs

 Panels
– Individual data



Clicking the button brings the panel into viewing area
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Once the user provides required data, calculation buttons 
are “active”
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Calculation completed for all radionuclides and for all age groups
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Units can be converted as needed
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• Displays Full Radionuclide Decay Chain
• Displays basic nuclide data

- Half Life
- Decay mode

• Provides access to Dose Coefficients for each nuclide
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• Allows User to Create/Save/Export/Import Custom 
Mixtures

• User may select Pre-determined Mixtures
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 Minimum 2 GHz Pentium 4 Processor
– Recommended: Dual- or Quad-Core or higher

 Minimum 2 GB RAM Memory
– Recommended: 4 GB RAM or higher 

 Minimum 15 GB Free Disk Space
– Recommended: 25 GB Free or higher 

 Minimum 1024 x 768 Screen Resolution 
– Recommended: 1280 x 1024 or higher 
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 Other Software
– MS Excel 2007 or newer (for 

special data export capabilities)
– MS Outlook 2007 or newer (for 

built-in email attachment support)
– MS PowerPoint 2007 or newer (for 

briefing products)
– MS Word 2007 or newer (for 

report generation)
– Adobe Acrobat Reader (for viewing 

related documents)

• Turbo FRMAC has been designed for Windows 7 and is compatible 
with Windows Vista, 7, 8 and 10

• Compatible with Mac OS 10.6 or newer.
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Tom Laiche, CHP 
tlaich@sandia.gov
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