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NRC-04-07-094 NRC TASK ORDER 005

ADDITIONAL TASK ORDER TERMS AND CONDITIONS

‘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 $363,125.00.

(b) The amount presently obligated with respect to this Task Order is $100,000.00. 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 obllgated amount specified above is done so at the Contractor's
sole risk. v
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NRC-04-04-094, Task Order No. 005 (Enclosure 1)

, ) STATEMENT OF WORK' _
TITLE: AIR EXCHANGE AND AIR INGRESS EXPERIMENTAL DATA

' BACKGROUND

Depressurized Loss of Forced Circulation (D-LOFC) is one of the most important events that
must be considered for a Very High Temperature gas-cooled Reactor (VHTR). Following the.
initial blowdown and depressurization, air can enter the vessel through the break causing
oxidation of graphite support structures and possibly fuel. Oxidation of the fuel may cause rapid
release of fission products that can then be transported to the surrounding containment. There
are several processes by which air can enter the reactor vessel.- For breaks at the bottom of the
vessel, hot helium in the vessel sits on top of the relatively cold air/helium mixture in

-containment and transport occurs by molecular diffusion. This process is slow, and can take
many hours to transport significant amounts of air into the vessel eventually Ieadmg to natural
convection and oxidation of the in-vessel graphite.

A double-ended break of the horizontal cross-connection duct results in a break plane that is
vertical. Following blowdown, an “air-exchange” process can occur in which the hot helium and
cold containment air counter-flow past each other through the break. Cold air enters the

bottom of the duct and rapidly fills the lower plenum of the vessel as helium escapes at the top
of the duct. The lower plenum quickly stratifies with air filling the plenum below the top of the
cross-connect duct where it can oxidize graphite support structures. This process is described
by Reyes et al. [1] and was recognized as important in the NRC’s PIRT [2] for thermal-fluid and -
accident analysis. The flow is initially buoyancy driven, with cold air in the containment

providing the driving head. After the bottom of the lower plenum is flooded with air, diffusion -
becomes important as a means of transport to higher elevations in the core and reactor vessel.

Air-exchange can also be an important transport process for breaks on the top of the vessel,
such as at a control rod drive. Work by Hishida et al. [3], and Fumizawa et al. [4] showed that
air ingress can occur following rupture of a stand pipe, which is a vertical pipe extending from
the top of a gas-cooled reactor upper plenum in the High Temperature Engineering Test
Reactor (HTTR) [5]. In this geometry, the hot helium in the vessel sits below the break and the
relatively cold air/helium gas mixture above it. Air enters the vessel by natural convection. Both
calculations and experimental information confirmed air-exchange and natural circulation
resultmg in air ingress to the plenum. Tlltmg the break plane was found to increase the air
mgress rate. : A

Because of its importance in oxidation rates of fuel and structural graph|te in the.vessel, and the
possibility of increasing fission product release rates, air-exchange processes and natural
convection transport of air through small openings is of significant interest to the staff in its
review of gas-cooled reactors. Therefore, an experimental data collection is desired in order to
~ improve understanding of these processes and to prowde information for model development
and code assessment.
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NRC-04-04-094, Task Order No. 005 (Enclosure 1)

STATEMENT OF WORK
OBJECTIVE

The primary objective of this Task Order is the generation of an experimental data collection

- sufficient to develop models and assess thermal-fluid codes, such as MELCOR and CFD codes,
for gas-cooled reactor evaluation. In particular, the data collection is to include air ingress rates
into helium filled enclosures through simulated breaks for a range of sizes and orientation. ‘

Specific objectives are:

1. Design a test apparatus appropriate for determination of the countercurrent flow of air
and air/helium mixtures past helium through a duct. The test apparatus is to either
operate at prototypical pressures and temperatures expected in a gas-cooled reactor
Depressurized Loss of Force Cooling (D LOFC) event, or be suitably scaled to those

~cond|t|ons :

2 "Determme the instrumentation and measurement techniques to be used. The
measurements need to provide temperature, velocity and species dlstrlbutlons within the
test apparatus, as well as the flow rate of air through a duct.

3. Develop an experlmental data collection of air ingress rates through an opening
representing a break in'a gas-cooled reactor vessel. The effect of duct area, the duct
length to diameter ratio (L/D), orientation, initial helium temperature, and geometry are to
be included in the data collection.

SCOPE OF WORK

This work consists of the following four tasks: Tests Apparatus Design and Instrumentation,
Construction and Calibration of Test Apparatus, Air-Exchange Experimental Tests and Final
Documentation. Tasks 1 and 2 are associated with development of the test apparatus, its
construction and initial testing to insure high quality measurements. Tasks 3 and 4 obtain the
‘data collection, evaluate the results and document all aspects of the project.

Task 1: " Test Apparaths D'esign and Instrumentation

. The contractor shall develop a conceptual design and present to the NRC plans for the test
apparatus with sufficient details on scale, overall dimensions, materials, and instrumentation for
review by the Project Manager and Technical Monitor. The basic design of the apparatus is
expected to consist of two relatively large enciosures connected by a duct through which air —
helium exchange would occur and be measured. The initial temperature of the helium is to be
elevated relative to the air (or air/helium mixture) in the other enclosure. The base and sides of
at least one enclosure are to have heaters to maintain a constant wall temperature and set up
an initial circulation pattern in the helium. To examine the effect of orientation, the test
section(s) shall be able to take experimental data at several angles from vertical to horizontal.
Instrumentation shall be capable of determining the temperature distributions within the
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NRC-04-04-094, Task Order No. 005 (Enclosure 1)

STATEMENT OF WORK

enclosure, and species compositions in each enclosure, fluid velocities at several locations, and
the air ingress rate. Measurement uncertainties are to be determined and reported.
Documentation for this Task shall include a report describing the apparatus and instrumentation
-and a presentatlon to NRC staff on the design.

Deliverables o - Completion Date
Letter report on proposed test apparatus | 3 months after
: award
Task 2: Construction and Calibration of the Test Apparatus

The contractor shall complete design, construction and shakedown testing of the test apparatus
following resolution of NRC comments on the Task 1 report. ‘Instrumentation is shall be
calibrated and shake-down testing shall be performed to insure high quality data.

A letter report shall be prepared documenting the as-built test facility, the shakedown tests,
instrumentation, and data acquisition tools. : :

Deliverables | ' Est. Completion
Date™

Letter report documenting the test facility 12 months after
: award

* Actua/ dates to be coordinated with and approved by the NRC Project Officer
Task 3: Air-Exchange Experimental Tests

The contractor shall conduct a series of experiments to determine air ingress and thermal-fluid
conditions in the enclosures. The data are to include the effects of duct area, duct geometry

~ (circular as opposed to a slot with the same ‘equivalent area), orientation, duct L/D, and initial
helium temperature. The test matrix shall include tests in which the duct is vertical, horizontal,
and at a sufficient number of inclined angles to determine the inclination with the maximum air
ingress rate. A range of duct L/D ratios are to be investigated, and at least one non-circular
duct is to be tested in order to examine flow through a longitudinal slot. The test matrix and test
procedures shall be proposed in a letter report and concurred upon by the NRC Project
Manager. Data generated from these matrix tests shall be provided to the NRC in electronic
format to facilitate model development and code assessment.

A Quick-Look Report shall be prepared and submitted to the NRC Project Manager following

each test describing the experimental results and the data transferred to the NRC in the
electronic format.
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NRC-04-04-094, Task Order No. 005 (Enclosure 1)

STATEMENT OF WORK

Deliverables | \ _ | Est. Completion
' | Date*

Letter report on proposed test matrix. 12 months after
award

Experimental testing. : 24 months after
award

* Actual dates to be coordinated with and approved by the NRC Project Officer
Task 4: Final Documentation

The contractor shall prepare a final report, formatted as an NRC NUREG document, that
describes the test facility, instrumentation, test procedures, and experimental results.
Evaluations of the data shall be included so that major sensitivities exhibited by the data are
. determined and so that the data can be compared to tests involving similar phenomena. All
experimental data shall be collected and transferred to the NRC in electronic format.

Deliverables - H Est. Completion
_ , Date*
Final report and final data collection. 27 months after
award

* Actual dates to be coordinated with and approved by the NRC Project Officer

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 cnterla in mind.
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'NRC-04-04-094, Task Order No. 005 (Enclosure 1)

STATEMENT OF WORK

-

TECHNICAL AND OTHER SPECIAL QUALIFICATIONS REQUIRED

None.

REPORTING REQUIREMENTS

Monthiy Letter Status Report.

A Monthly Letter Status Report (MLSR) is to be submitted to the NRC Project Manager by the -
- 20" of the month following the month to be reported with copies prowded to the foIIowmg

Andrew Ireland, Project Manager, Mail Stop: T-10K08
Stephen M. Bajorek, Technical Monitor, Mail Stop: T-10K08
Management Analyst, Peggy Bennett, Mail Stop T-10D5

.. Chris Hoxie, Branch Chlef Mailstop: T-10D5

The MLSR will identify the title of the project, the job code, the Principal Investlgator the period
of performance, the reporting period, summarize each month'’s technical progress, list monthly
spending, total spending to date, and the remaining funds and will contain information as
directed in NRC Management Directive 11.1. 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.

PUBLICATIONS NOTE

RES encourages the publication of the scientific results from RES sponsored programs in
refereed scientific and engineering journals as appropriate. If the laboratory proposes to publish
in the open literature or present the information at meeting in addition to submitting the required
technical reports, approval of the proposed article or presentation should be obtained from the
NRC Project Manager. The RES Project Manager shall either approve the material as
submitted, approve it subject to NRC suggested revisions, or disapprove it. In any event, the _
RES Project Manager may disapprove or delay presentation or publication of papers on -
information that is subject to Commission approval that has not been ruled upon or which has
been disapproved. Additional information regarding the publication of NRC sponsored research
is contained in NRC Management Directives 3.7, “NUREG Series Publications,” and 3.9, “NRC
Staff and Contractor Speeches Papers, and Journal Articles on Regulatory and Technical
Subjects.”

If the presentation or paper is in addition to the required technical reports and the RES Project
Manager determines that it will benefit the RES project, the Project Manager may authorize
payment of travel and publishing costs, if any, from the project funds. If the Project Manager

- determines that the article or presentation would not benefit the RES project, the costs
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NRC-O4-04—094,- Task Order Nb.f005 (Enclosure 1)

STATEMENT OF WORK

associated-with the preparation, presentation, or publication will be borne by the contractor. For
any publication or presentations falling into this category, the'NRC reserves the right to require
- that such presentation or publication will not identify the NRC’s sponsorship of the work.

NEW STANDARDS FOR CONTRACTORS WHO PREPARE NUREG-SERIES MANUSCRIPTS
The U.S. Nuclear Regulatory Commission (NRC) began to capture most of its official records
_electronically on January 1, 2000. The NRC will capture each final NUREG-series publication in
its native application. Therefore, please submit your final manuscript that has been approved by
your NRC Project Manager in both electronic and camera-ready copy.

All format guidance, .as specified in NUREG-0650, Revision 2, will remain the same with one :
exception. You will no longer be required to include the NUREG-series designator on the bottom
of each page of the manuscript. The NRC will assign this designator when we send the camera-
ready copy to the printer and will place the designator on the cover, title page, and spine. The
designator for each report will no longer be assigned when the decision to prepare a publication
is made. The NRC's Publishing Services Branch will inform the NRC Project Manager for the
publication of the assigned designator when the final manuscript is sent to the printer.

For the electfonic manuscript, the Cor‘),tractorvshall prepare the text in Microsoft Word, and use
any of the following file types for charts, spreadsheets, and the like.

File Types fo be Used for NUREG-Series Publications
File Type o File Extension
Microsoft®Word® : .doc
Microsoft® PowerPoint® .ppt
Microsoft®Excel | Xls
Microsoft®Access .mdb.
Portable Doc'ument Format | .pdf

This listis subject to change if new software packages come into common use at NRC or by our
licensees or other stakeholders that participate in the electronic submission process. ifa
portion of your manuscript is from another source and you cannot obtain an acceptable
electronic file type for this portion (e.g., an appendix from an old publication), the NRC can, if .
necessary, create a tagged image file format (file extension.tif) for that portion of your-report.
Note that you should continue to submit original photographs, which WI|| be scanned, since
d|g|t|zed photographs do not print well.

If you choose to publish a compact disk (CD) of your publication, place on the CD copies of the |
* manuscript in both (1) a portable document format (PDF); (2) a Microsoft Word file format, and
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STATEMENT OF WORK

(3) an Adobe Acrobat Reader, or, alternatively, print instructions for obtaining a free copy of
Adobe Acrobat Reader on the back cover insert of the jewel box.

. DELIVERABLES/SCHEDULES AND/OR MILESTONES

1. .A Monthly Letter Status Report (MLSR) is to be submitted to the NRC Project Manager
by the 20" of the month following the month to be reported.-

2. Letter report descrlbmg the proposed test apparatus and instrumentation (Task #1) to be
delivered three months following the award date.

3. Letter report detalllng the as-built faC|I|ty to be delivered 12 months following the award
date. A

4. Letter report proposing the test matrix is to be delivered 12 months after the award date.

5. Quick-Look Reports (QLRs) are to be submitted within one week following test
completlon

6. Final report describing the facility, test procedures, and experimental'results in addition
to the test data in electronic format to be delivered 27 months following the award date.

MEETINGS AND TRAVEL

For domestic travel, the contractor is expected to attend an ahnUaI meeting at the NRC in
Rockville, MD, for research review and a national conference. The trips will be of approximately
two days duration. All trips must be approved by the NRC project manager in advance. '

NRC-FURNISHED MATERIAL

None.
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STATEMENT OF WORK
TECHNICAL DIRECTION

Technical direction will be provided by the Project Manager (Andrew Ireland), who can be
reached at: -

Mail Stop: (T-10K08)

U.S. Nuclear Regutatory Commission
Washington, D.C. 20555-0001
Phone: (301) 415-6061

Fax: (301) 415-5160

Email: (Andrew.ireland@nrc.gov)

Alternativelly‘, fechnical direction may also be provided by William Macon.

Mail Stop: (T-10K08)

"~ U.S. Nuclear Regulatory Commlsswn
Washington, D.C. 20555-0001
Phone: (301) 415-3965
Fax: (301) 415-5160

 Email: (William.Macon@nrc.gov)
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