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Hazard Analysis

1. FACILITY ACTIVITY/DESCRIPTION

1.1  Introduction
The purpose of this document is to provide a hazard categorization per the requirements in Subpart B, “Safety Basis
Requirements,” of Code of Federal Regulations [10CFR830] for the transfer of an experiment inside the Reactor
Technology Complex boundary.’ Subpart B requires that if an activity has a hazard categorization of level 1, 2, or 3 work
must be performed according to a safety basis which in this case could be an experiment safety analysis or a transport
plan. In order to determine the safety basis required, this transfer activity was categorized according to the methodology
prescribed in laboratory procedures which implement the regulations and requirements.

1.2 Description

The experiment transfer is for the Reduced Enrichment Research and Test Reactors Program’s project for

Advanced Test Reactor [ATR] full-size-plates-in-the-center-flux-trap-position, which is the AFIP-1 experiment. The
program consists of irradiation testing of fuel at moderate power to a moderate burn-up. Prior to experiment insertion in
the ATR reactor, nuclear data measurements and related testing of an experiment mock-up will be performed in the
Advanced Test Reactor Critical [ATRC] facility. The ATRC facility will receive unirradiated AFIP-1/ATRC fuel to
assemble an experiment mockup. The fuel, in the form of plates, is fabricated at the Materials and Fuels Complex [MFC].
The fuel in the plates is enriched radioactive uranium [U-238]. The U-238 is 25 percent [nominal] enriched with uranium
235. [See data in Appendix] The experiment composition is listed in Table 1. The performance of the experiment in the
ATRC facility is governed by a test plan, and is outside the scope of this document.

2. HAZARD ANALYSIS

2.1 Requirements
This analysis was conducted per NS-18102, “INL Facility Categorization Process” requirements.” This document was
used in conjunction with Laboratory-wide Procedure, LWP-18002, “INL Facility Categorization”." Guidance for this
analysis is in DOE-STD-1027-92, “Hazard Categorization and Accident Analysis Techniques for Compliance with DOE
Order 5480.23 Nuclear Safety Analysis Reports”. "

2.2 Hazard Classification
Per DOE-STD-1027, categorization is based on the unmitigated release of the radioactive material inventory. Evaluation
of the radioactive material inventory for release can consider the location, or segregation, dispersibility of the material,
interaction with available energy sources, and/or the possible initiating events or release mechanisms. " The 10CFR830
requirement is that if an activity has a hazard categorization of level 1, 2, or 3 then work must be performed according to a
safety basis. However there are some allowed exclusions to this requirement such as transportation activities regulated by
the Department of Transportation. '

2.2.1 Hazard Categorization Designation

The hazard categorization process is performed to determine the safety basis documentation required to support the
activity. The hazard categorization required by DOE-STD-1027 is performed by making a direct comparison of the
radioactive material inventory within the facility or operation to the Hazard Category 2 and 3 [HC-2 and HC-3] threshold
quantity values [TQVs] listed in the standard. " The activity is further categorized per NS-18102 by comparing quantities
of radioactive material inventory to the reportable quantities in Appendix B of 40 CFR 302. ¥ If the radioactive material
inventory of the facility does not meet or exceed the threshold quantities for Hazard Category 3, it is categorized as a
“radiological facility” then if the radioactive material inventory of the facility does not meet or exceed the criteria in
Appendix B of 40 CFR 302, it is designated as an “other facility” for the purpose of safety analysis. Both these
classifications are less than hazard Category 3.

Shipments at Idaho National Laboratory [INL] are to be in compliance with the Department of Transportation
Hazardous Materials Regulations [DOT HMR]. If unable to comply with the DOT HMR and restricted to a route within
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the laboratory geographic boundary, then shipment is in accordance with the INL transportation safety document [INL
TSD]." The INL TSD defines such a shipment as non-routine and specifies that it be conducted in accordance with an
approved transport plan. Transport plans as safety basis documents are governed by the DOE’s nuclear facility
management rule as applicable depending on the hazard category. ' For hazard category 3 or greater, the INL TSD, with
the transport plan appended to it, is the safety basis for the shipment. For less-than-hazard-category-3, the transport plan
by itself is the safety basis for the shipment. Laboratory procedures govern the receipt and shipment of radioactive and
fissile material.

2,22 Radioactive Material Inventory

The activity to be categorized is the transfer from MFC of the unirradiated AFIP-1/ATRC experiment to ATRC. Based on
the methodology in NS-18102, the radioactive material inventory was compared to the TQVs of DOE-STD-1027 and a
ratio calculated. The sum of the ratios must be less than one in order to remain below a categorization designation. The
experiment radioactive inventory consists of two isotopes of uranium [See Appendix] and is listed in Table 1.

Table 1. Fuel Plate Nominal Constituent Masses

Fuel Phase Constituent Masses
Fuel Fuel Phase (grams)

Fuel Plate | Type Composition U-238 U-235 Total U
A-1 disp U-7Mo 55.5 18.5 74.0
A-2 disp U-7Mo 55.5 18.5 74.0
B-1 blank n/a 0.0 0.0
B-2 blank n/a 0.0 0.0

Total 111 37.0 148.0

The inventory data was entered into a Microsoft® EXCEL 2003 spreadsheet run with Microsoft® Windows XP on a Dell
OptiPlex GX620 personal computer and the ratio between the inventory and each category’s TQV calculated. First the
DOE-STD-1027 ratio was calculated based on threshold values for U-235 assuming no potential for a criticality due to the
mass being well below the critical value. " Second, it was calculated with 40 CFR 302 threshold values after converting
grams to curies. In either case the resulting ratio is less than one [see Table 2]. Thus the transfer is categorized as a less
than hazard category 3 “other facility”.

Table 2. Ratio Calculation Results
DOE-STD-1027 DOE-STD-1027

Inventory HC3TQV HC3TQV 40CFR302 40CFR302 TQV  Inventory
Nuclide grams Ratio grams Ratio Ci Ci Ci/gm"*
U-235 3.7E+01 1.9E-05 1.9E+06 8.0E-04 0.1 8.0E-05 2.16E-06
U-238 1.1E+02 8.5E-06 1.3E+07 3.7E-04 0.1 3.7E-05 3.36E-07
Total ratio 2.8E-05 1.2E-03

2.3 Conclusion
The hazard category associated with this shipment is identified. If the activity is regulated by the Department of
Transportation via the laboratory procedures it is excluded from the hazard categorization requirement of having a safety
basis document. The actions necessary to mitigate the hazards to acceptable levels are in laboratory procedures. If the
experiment is not transferred per DOT requirements then a transport plan is the safety basis needed for the shipment.
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APPENDIX
James F Williams/JWL/CCO1/INEEL/US
11/20/2006 10:08 AM
ToJames D Abrashoff/JDA/CCO1/INEEL/US@INEL, Anthony W
LaPorta/LAPOAW/CCO1/INEEL/US@INEL, Christine A
Satterwhite/CSATTERW/CCO1/INEEL/US@INEL, djs@inel.gov@INEL, Terry A
Tomberlin/TAT4/CCO1/INEEL/US@INEL, John C Chapman/JJC/CCO1/INEEL/US@INEL,
Paul A Roth/PAR/CCO1/INEEL/US@INEL
Subject AFIP
FYI
AFIP-1 mass-dens NOM.#ls
Constituents Atomic Wt. Density Element
Elem1: 238.0 18.90 LEU
Elem2: 95.9 10.20 Mo
Elem3: 47.9 4.50 Ti
Elem4; 91.2 6.49 zr
AFIP-1 Fuel Plate Nominal Constituent Masses.
Plate | Fuel | Fuel Phase Martix Foil Fabrication | Fuel Meat | Fuel Phase Constituent Masses (g)
Fuel Plate | ID | Type | Composition | Phase | Thickness (mm) | Technique Mass Total U U-235 Mo
A-1 tbd | disp U-7Mo Al-4043 - Roll 79.5 74.0 18.5 5.6
A-2 tbd | disp U-7TMo Al-2.0 Si - Roll 79.5 74.0 18.5 5.6
B-1 tbd | blank n/a -- - n/a 0.0 0.0 0.0 0.0
B-2 tbd | blank n/a -- -- n/a 0.0 0.0 0.0 0.0
Totals: 148.0 37.0 11.1
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Analysis Plan [per MCP-2374]

Task Description:
Hazard category will be determined for experiment transfer to ATRC to determine the safety basis documentation required.

Technical Requirements:

Calculate DOE-STD-1027 ratio using Microsoft® EXCEL 2003 spreadsheet run with Microsoft® Windows XP on a Dell
OptiPlex GX620 personal computer.

Deliverables:

Conclusions based on analysis results will be used to determine type of safety basis if any is required for the transfer.

Assumptions:
Calculations will be based on the best data available at the time of execution. Conservatism will be applied when
appropriate.

Task Constraints or Prerequisites:
Inventory data is provided by the requesting organization by email.

Analysis Verification:
Describe the level of checking needed:
Per MCP-2374 either method listed below should be applied
1. Hand calculations
2. independently checking the equations and algorithms for correctness and applicability and assess
the input and output values for each
Independent Peer Review Required: [] Yes x No
(An independent peer review is required by DOE-STD-1020 for analyses of SSCs that include the consideration of
NPH loads and that are classified PC-2 and higher.)

Performer/Organization Interfaces:
Interface between BEA and MFC is necessary to ensure fuel plate data is transferred.

Controlling Documents:
MCP-2374, “Analyses and Calculations”, NS-18102, “INL Facility Hazard Categorization Process” and LWP-1 8002,
“INL Facility Categorization”
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