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IAANO

ORDER NO

NRC-HQ-60-11-I-0003/M0006

(i)

The Modified Statement of Work is hereby
incorporated into this Agreement.

The new Authorized Cost Celling is $501,000.00.

This modification provides incremental funding in

the amount of $85,000.00, thereby increasing the

Attachment No. l: Modified Statement of Work

Period of Performance: 09/01/2011 through
03/31/2015.

311 other terms and conditions remain unchanged.

total obligations from $416,000.00 te $501,000.00.




MODIFIED STATEMENT OF WORK
Job code No.V6241

TITLE: Spent Nuclear Fuel Pool (SNFP) Vulnerabilities to Postulated Security Threats

SCOPE OF WORK

The purpose of this modification is to add subtasks to Task 3. This modification also
updates the deliverable schedule to allow Indian Head engineering/scientist staff to
work on the newly defined SubTasks 3.5 to 3.7 as described below.

The following three, more specific, subtasks are needed to address a recent revision to
User Need NSIR 2009-001 that examines potential spent fuel vuinerabilities to
postulated security threats. This revision requires additional underwater detonation
modeling with the Dysmas software to characterize specific explosive effects on spent
fuel. These subtasks level of effort is an addition to Task 3: “Parametric Modeling and
Analysis”, listed in the previous SOWs.

Due to the nature of the work undertaken in this agreement, there is no planned travel
anticipated during the execution of this effort.

SubTask 3:5 Development of a representative “homogenized” model for the fuel
assemblies (Eulerian element)

Modeling the response of the fuel assembly to this treat is difficult due to the small
dimension of the fuel rod that holds a stack (approximately 12 feet tall) of small fuel
pallets inside it. There are about 3500 fuel assemblies which each containing about 100
rods in the pool. Although the Dysmas software is a fully coupled fluid-structure code, a
fully couple model of all the individual fuel assembly and pallets in the surrounding
water is far too large to attempt. The small diameter of the rods would dictate a very
small time step in the calculations, while the large dimension of the pool would dictate a
very large number of finite element and fluid cells. Therefore, the number of fluid-
structure interfaces would be untractable and not commensurate with the accuracy
needed to assess the threats.

Under this subtask the NSWC Indian Head scientists shall develop a manageable
alternative approximate method to model the response of the fuel assembly to the treat.
The assembly shall be modeled using an equivalent homogeneous material that
represents the fuel pallet, zirconium tube (fuel rod), stainless steel canister and water in
it.

This subtask shall include the following:
- Analyze component drawings and material properties
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- Derive equivalent mixed density

- Derive mixed equation of state (Pressure vs. Density)
- Derive equivalent mixed strength model

- Verify and test this model on a single fuel canister

SubTask 3:6 Modify Strength Model in the Dysmas Euler Code and Generate Fuel
Assembly and Fuel Rack Input

The DYSMAS code suite does not have an option for processing a “pool” like, water-
filled fuel assembly geometry. Having the proper deformed shape and initial stress of
the assembly is necessary for properly loading the air and water on the front and back
sides of the canister skin. NSWCIH shall modify the Dysmas code to add a feature to
calculate the initial stress state of the assemblies and rack due to static pressure and
weight.

This subtask shall include the following:

- Modify DYSMAS to "initialize" stress state due to weight
- Verify/test this model on single fuel canister

- Modify the existing hydrostatic load routine

- Generate Dysmas input file

- Test for large (~3500) number of blocks of Euler cells

SubTask 3:7 Model/Run/Debuaq full-up calculations

Under this task NSWC Indian Head shall predict the energy deposition into the fuel
material as well as general motion of the fuel material (not the structural response of the
building).

This subtask shall include the following:
- Create a simplified pool model (i.e., it is not necessary to use the pool model used to
assess the pool structure)

- Run/Debug the model
- Generate the results identified in SubTask 3.6.

DELIVERABLES/SCHEDULES

Tasks Original Statement | Modified Statement of
of Work Work

Task 1:

Review of SNFP configuration

Kickoff meeting 11/1/2011 11/1/2011 (No change)

Develop calculation matrix
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Tasks

Original Statement
of Work

Modified Statement of
Work

Task 2:

Develop SNFP-like sample calic.

Instali Dysmas at NRC

11/1/2011 (sample calc.)
9/1/2013, partially installed

11/1/2011 on 3/25/2013
Dysmas training 12/1/2013 (Training)
ggflgrgéatric Analysis 5/1/2012 9/1/2014
Task 4 7/1/2012 12/30/2014

Briefing and Draft repont
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