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NRC-04-07-094 NRC TASK ORDER 008

A.1 CONSIDERATION AND OBLIGATION--TASK ORDER

(a) The total estimated amount of this Task Order(ceiling) for the products/services ordered, delivered, and
accepted under this contract is $212,584.00.

(b) The amount presently obligated with respect to this Task Order is $40,000.00. This obligated amount may
be unilaterally increased from time to time by the Contracting Officer by written modification to this contract.
The obligated amount shall, at no time, exceed the Task Order ceiling as specified in paragraph (a) above.
When and if the amount(s) paid and payable to the Contractor hereunder shall equal the obligated amount, the
Contractor shall not be obligated to continue performance of the work unless and until the Contracting Officer
shall increase the amount obligated with respect to this contract. Any work undertaken by the Contractor in
excess of the obligated amount specified above is done so at the Contractor's sole risk.
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STATEMENT OF WORK

TASK ORDER NO. 008

CONTRACT NO. NRC-04-07-094

Contract Title: TRACE Code Models and Correlations Development
Contractor: Purdue University, Thermal Hydraulics Institute (THI)
Principal Investigator: Dr. Fan-Bill Cheung, PSU
Period of Performance: October 1, 2009 - December 31, 2011
NRC project Manager(s): Andrew Ireland (301-251-7553)

Andrew. lrelandanrc.,qov

Purdue SPS Development Number: 00022633

I. BACKGROUND

The NRC has sponsored thermal-hydraulic research in order to provide high quality
experimental data to improve the TRACE code performance. This research has included
reflood tests in the Rod Bundle Heat Transfer (RBHT) facility at the Pennsylvania State
University and interfacial area transport tests conducted through the Thermal Hydraulics
Institute (THI) and Purdue University. These newly acquired data represent a unique source of
information that should enable the improvement of several models and correlations used by
TRACE. Results from the RBHT facility confirm a first-order effect of spacer grids on rod bundle
thermal-hydraulics and can be expected to provide information to improve models for steam
cooling, dispersed flow film boiling, inverted annular flow film boiling, grid rewet, droplet break
up at spacer grids, and convective enhancement downstream of spacer grids. Currently,
TRACE overpredicts cladding temperatures in rod bundle assessment cases and the RBHT
data is expected to improve this.

This Scope of Work (SOW) outlines Tasks necessary to improve TRACE by utilizing the data
obtained in the RBHT and THI experimental programs. Models and correlations obtained
through evaluation of the data are to be made suitable for inclusion in TRACE. To
accommodate the interfacial area calculations and simulation of droplet breakup at spacer grids,
it will likely be necessary to expand TRACE beyond its present two-field formulation, using the
multifield update previously, developed for that purpose.

II. OBJECTIVES

The primary objectives of this Task Order are to:

1. Develop improved models for the interaction of spacer grids.with entrained droplets.
The models are to account for droplet breakup on dry grids, droplet generation from films
on wet grids, for prediction of conditions at which the grid may rewet.

2. Develop improved models to account for enhancement of heat transfer downstream of a
spacer grid. The models are to account not only for the enhancement to convective heat



transfer of single phase steam but also the enhancement when flow downstream of the
spacer grid contains droplets.

III. WORK REQUIREMENTS

This work consists of the five individual tasks. Each task performs an evaluation of a
phenomena investigated in RBHT experiments, and develops a model or correlation-suitable for
TRACE. To insure that the model is acceptable, assessment against applicable data is
performed throughout the development process.

Evaluation of the experimental data is also intended as means of obtaining an improved
understanding of the processes and phenomena involved. Since the RBHT facility used
advanced instrumentation, it may be possible to identify sensitivities or behavior that was not
previously identified. These finding should be described in the documentation for the
evaluations of these data.

Task 1: Droplet Breakup on Dry Spacer Grids

The contractor is to develop a physics based mechanistic model for droplet breakup suitable for
TRACE that will account for the change in Sauder mean diameter as droplets interact with a dry
spacer grid. This will be accomplished by considering the mass flux and distribution, and well
as the kinetic energy of the approaching droplet field. Comparisons of the model predictions
with experimental data obtained in the Rod Bundle Heat Transfer Facility along with other
sources will be made to validate the model. Documentation for this Task is to include a letter
report describing the model and validation.

Deliverables Estimated
Completion Date

Letter report on Dry Grid Droplet Breakup 9 months after
award

Task 2: 'Droplet Entrainment from Wet Grids

The contractor shall develop model(s) for the generation of droplets from a wet spacer grid. In
this task, the formation and breakup of liquid ligaments due to the shearing action of steam
passing through the grid will be studied and modeled. Drop entrainment into the steam flow,
which is to be characterized by a Sauder mean diameter and entrained mass flux, will consider
breakup of the liquid ligaments as the kinetic energy of the steam flow exceeds the surface
energy requirements to hold the ligaments together. Comparisons of the model predictions with
experimental data will be made to validate the model. This task will also investigate the data to
determine the conditions for grid rewet and formation of films on the grid. The droplet
entrainment model for wet grids thus is to consider not only mass loss by entrainment, but mass
addition to the film by de-entrainment of droplets from the approaching fluid. Documentation is
to include a letter report describing the model(s) and validation.



Deliverables Estimated
Completion Date

Letter report on Droplet Formation from 12 months after
Wet Grids award

Task 3: Single Phase Convective Enhancement

The contractor is to develop an expression for single phase convective enhancement
downstream of spacer grids based on experimental data from RBHT and similar facilities. The
correlation may be similar in form to those previously proposed for convective enhancement
downstream of a grid, but is to be based on correlation(s) for fully-developed flow used in
TRACE. Various forms of the correlation should be investigated so that uncertainty in the
correlation can be minimized. Comparisons of the model predictions with experimental data will
be made to validate the model. Documentation is to include a letter report describing the
model(s) and validation.

Deliverables Estimated
Completion Date

Letter report on Single Phase Downstream 12 months after
Convective Enhancement award

Task 4: Two-Phase Convective Enhancement Downstream of Grids Spacers

The contractor is to develop models for the droplet induced two-phase heat transfer
downstream of spacer grids, consider conditions in which the grid is either wet or dry. Models
from the previous tasks should be used to estimate the two-phase conditions (local quality,
droplet size distribution) downstream of the grid. Physical models are to be developed
considering the two-phase mixture flowing through the grid, the formation of ligaments and/or
droplets downstream of the grid, and their effect on the local downstream heat transfer from the
rod surface. Comparisons of model predictions are to be made with experimental data from
RBHT and other facilities in order to validate the model. Documentation for this Task is to
include a report describing the model(s) and validation.

Deliverables Estimated
Completion Date

Letter report on Two-Phase Downstream 18 months after
Convective Enhancement award



Task 5: Comprehensive Assessment of Grid Models

The contractor is to assess the new spacer grid models by comparing model predictions to a set
of reflood and blowdown separate effects tests. The simulations are to include:

a. RBHT Reflood
b. FLECHT-SEASET
c. THTF Blowdown
d. RBHT Steam Cooling
e. FLECHT Top Skewed Power.

Comparisons between predicted and measured results are to demonstrate the improvement in
prediction of local heat transfer. Results are to be documented in an assessment report.

Deliverables Estimated
Completion Date

Assessment Report 27 months after
award

IV. RESEARCH QUALITY

The quality of NRC research programs are assessed each year by the Advisory Committee on
Reactor Safeguards. Within the context of their reviews of RES programs, the definition of
quality research is based upon several major characteristics:

Results meet the objectives (75% of overall score)
Justification of major assumptions (12%)
Soundness of technical approach and results (52%)
Uncertainties and sensitivities addressed (11 %)

Documentation of research results and methods is adequate (25% of overall score)
Clarity of presentation (16%)
Identification of major assumptions (9%)

It is the responsibility of the contractor to ensure that these quality criteria, are adequately
addressed throughout the course of the research that is performed. The NRC project manager
and technical monitor will review all research products with these criteria in mind.

V. REPORTING REQUIREMENTS

1. Monthly Letter Status Report (MLSR)

A MLSR should be submitted to the NRC Project Manager by the 2 0 th of the month
following the month to be reported with copies provided to the following:

Project Manager (Andrew Ireland, Mail Stop C3-AO7M)



Technical Monitor (Stephen M. Bajorek, Mail Stop C3-AO7M)
Division Management Analyst, (TBD, Mail Stop)
Contracting Officer, (Mail Stop: TWB-01-01OM)

The MLSR shall identify the title of the project, the job code, the Principal Investigator,
the period of performance, the reporting period, summarize each month's technical
progress, list monthly spending, total spending to date, and the remaining funds. Any
administrative or technical difficulties which may affect the schedule or costs of the
project shall be immediately brought to the attention of the NRC project manager.

VI. DELIVERABLES AND DELIVERY SCHEDULE

1. Letter report describing the dry grid breakup model (Task #1) to be delivered 9 months
following the award date.

2. Letter report detailing the models for wet grid droplet generation (Task #2) to be
delivered 12 months following the award date.

3. Letter report describing the single phase convective enhancement model (Task #3) to be
delivered 12 months after the award date.

4. Letter report describing the two phase convective enhancement model (Task #4) to be
delivered 18 months after the award date.

5. Final report describing the assessment of the spacer grid models to the prescribed
separate effects tests (Task #5) to be delivered 27 months following the award date.

VII. MEETINGS AND TRAVEL REQUIREMENTS

For domestic travel, the contractor is expected to attend two annual meetings at the NRC in
Rockville, MD, for research review. The trips will be of approximately two days duration. All
trips have to obtain approval from the NRC project manager in advance.

VIII. PERIOD OF PERFORMANCE

The period of performance of this task order is 27 months after the date of award.

IX. TECHNICAL DIRECTION

Technical direction will be provided by the Project Manager:

Andrew Ireland
U.S. Nuclear Regulatory Commission
Mail Stop: C3-AO7M
Washington, D.C. 20555-0001
Phone: (301) 251-7553
Fax: (301) 251-7436
Email: (Andrew. Ireland(@nrc.gov)


