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STANDARDIZED RADIOLOGICAL DOSE EVALUATIONS

Vern L. Peterson and Edwin Stahlnecker
Safety Analysis/Nuclear Safety
Rocky Flats Environmental Technology Site
PO Box 464, MS 130
e Golden, CO 80402-464
Tel: (303) 966-8479/3766
e-mail: vern.peterson@rfets.gov

Following the end of the Cold War, the mission of the Rocky Flats Environmental Technology Site (Site)
changed from one of production of nuclear weapons components to one of Site clean-up. Authorization basis
documents for the facilities at the Site, primarily the Final Safety Analysis Reports (FSARs), have thus become out-
of-date. These are being replaced with new authorization basis documents, in which accident scenarios are sorted
into coarse bins of consequence and frequency, similar to the approach of DOE-STD-3011-94. Because this
binning does not require high precision, a standardized approach for radiological dose evaluations has been taken
for all of the facilities at the site. This is done through use of a standard calculation “template” for use by all safety
analysts preparing these new authorization basis documents. The use of a standardized approach assures that
similar accidents in different facilities are treated in a consistent manner. This report describes this template and
its use. The standardized template provides for all of the accident scenarios normally considered when evaluating
the safety of operations in a facility. Accidents peculiar to a given facility will still have to be treated individually.

_ To use this standardized dose calculation template (a Microsoft EXCEL® workbook), the analyst selects from
a number of options and provides accident-specific information. For non-criticality accidents these are:

Accident Scenario. There are seven options:

Fire (lofted plume) - for unrestricted plumes, as outdoors

Fire (non-lofted plume) - for plumes that pass through HEPA filtration
External Explosion - for an explosion adjacent to exposed material
Internal Explosion - for an explosion within the material
Overpressurization - for gas/vapor build-up that breaches container
Spill - for both normal spills and earthquakes

. Loss of Power - for total power loss, including loss of ventilation, throughout release
Form of Material. There are 11 options:

Confined Materials - for containerized wastes

Unconfined Noncombustible Material - examples are contaminated walls, floors, etc.
Unconfined Combustible Material - radiologically contaminated paper, cloth, efc.

HEPA Filters - for HEPA filters in plenums, not in containers

Radioactive Metal - bare metal pieces, such as ingots, buttons, and briquettes

Powder - finely divided material, primarily oxides

Chips - includes turnings, 1ab samples; coupons, sources _

Dry Resin Material - contaminated resin beads in ion column that have dried

Wet Resin Material - contaminated resin beads in ion column that are still wet

Volatile Liquid - radiologically contaminated organic solvents, for example

. Non-volatile Liquid - radiologically contaminated aqueous solutions, for example

Type of Material. There are six options;

Weapons Grade Plutonium - the generic isotopic mix

Aged Weapons Grade Plutonium - the generic isotopic mix aged to maximize Am content
Enriched Uranium - the generic highly enriched isotopic mix, mostly U
4.5% Enriched Uranium - with 4.5% “°U

Depleted Uranium - the generic isotopic mix, mostly U

High-Americium Residues - the residues with the highest americium content
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Disclaimer

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does
not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States
Government or any agency thereof.

This report has been reproduced directly from the best available
copy.

Available to DOE and DOE contractors from the Office of
Scientific and Technical Information, 175 Qak Ridge Tumpike,
Oak Ridge, TN 37831; prices available at (615) 576-8401.

Available to the public from the National Technical Information
Service, U.S. Department of Commerce, 5285 Port Royal Road,
Springfield, VA 22161; phone orders accepted at (703) 487-4650.




Meteorological Conditions. There are two options:
1.  Median - approximated by stability class D and a 4.5 m/s wind speed
2.  95th Percentile - approximated by stability class F and a 2 m/s wind speed
Breathing Rate. There are three options:
1.  Chronic - for sedentary activities
2. Light Activity - as for walking
3. Heavy Activity - as for running or heavy work
Solubility Class of the Released Material. There are three options:
1. Lung Clearance Class D - for UFg, UO,F,, and UO,(NO;),
2.  Lung Clearance Class W - for UQ;, UF,, UCl,, and all Pu compounds except oxides
3. Lung Clearance Class Y - for UO,, U;Os, and Pu oxides

The accident-specific information is

Effective Material-At-Risk, that is, the total Material-At-Risk times the damage ratio (DR). For
cemented materials in a fire, the DR is the fraction of containers involved times the fraction of the
cemented material spalled by the fire.

Ambient Leakpath Factor, that is, a leakpath factor other than HEPA filtration. This is used mainly for
scenarios in which the ventilation is off and the material leaks out through corridors and doorways.

TNT Explosion Equivalent, grams of TNT. This is needed only for accident scenarios 3 and 4.

Plume Duration, in minutes

The template then finds (through table look-up) the corresponding

Airborne Release Fraction (ARF), which is based on DOE-HDBK-3010-94
Respirable Fraction (RF), also based on DOE-HDBK-3010-94
Dose Conversion Factor (DCF) for the isotopic mix chosen (see Type of Material, above)

Plume Dispersion Parameters (x/Q and plume expansion factor).
The analyst has the option of rejecting the “default” values of ARF, RF, DCF, and breathing rate and supplying
alternative values, if more appropriate for the scenario being evaluated, The template then evaluates the

radiological doses (CEDE) to the Collocated Worker (CW), taken to be 100 meter downwind for the Site, and the
Maximum Offsite Individual (MOI), for which a generic distance of 1,900 meters is used.

For criticality accidents, the options are:

Material. There are two options:
1.  Weapons Grade Plutonium
2.  Enriched Uranium
Meteorology. The same two options as for non-criticality accidents
Breathing Rate. The same three options as for non-criticality accidents
Criticality Type. There are four options:
1.  single-spike solution - enough solution lost after the first spike to quench criticality
2. multiple-spike solution - criticality continucs for eight hours
3.  bare metal - single spike from improper geometry
4.  water-moderated metal, single spike - enough water lost after first spike to quench criticality

The accident-specific criticality information is
Material-At-Risk, that is, the amount of plutonium or uranium involved in the criticality, in grams
Number of Fissions, typically from 1x10" to 1x10"° fissions.

The criticality fission products are from ORIGEN-2 runs. For both non-criticality and criticality accidents, results
are given for the MOI and CW for filtration through zero to four stages of HEPA filters.

.- All uyser input, as well as the final results, are summarized onto a single page, for ease in archiving results.
The template is password-protected, except for the areas of user input, so that the user cannot accidentaily or
intentionally modify it. Two examples of this single-page summary are shown on the following pages, one for a
non-criticality accident and another for a criticality.
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