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STATEMENT OF WORK

NRC Agreement Number NRC Agreement Modification NRC Task Order Number (If NRC Task Order Modification
Number Applicable) Number (If Applicable)

NRCHQ-60-1 3-D-0023 M0006

Project Title

Gap Analysis for Irradiation and Thermal Effects in High Ferrite Cast Stainless Steel

Job Code Number B&R Number DOE Laboratory

V-6455 Argonne National Laboratory

NRC Requisitioning Office

RES

NRC Form 187, Contract Security and Classification
Requirements D] Involves Proprietary Information

[] Aplicale E Involves Sensitive Unclassified
[] Not Applicable

[] Non Fee-Recoverable L-i]Fee-Recoverable (If checked, complete all applicable

sections below)

Docket Number (If Fee-Recoverable/Applicable) inspection Report Number (If Fee Recoverable/Applicable)

N/A

Technical Assignment control Number (If Fee- Technical Assignment Control Number Description (If Fee-
Recoverable/Applicable) Recoverable/Applicable)

1.0 BACKGROUND:

This project was undertaken to review and revise the NUREG/CR-4513, Rev. 1 with the new
fracture toughness J-R curve data for CF-3, CF-8, and CF-8M grades of CASS materials
(containing up to 40% ferrite) in thermally aged and un-aged as well as neutron irradiated and
un-irradiated conditions. In addition, the project was also intended to review, analyze and
prepare a draft NUREG/OR or final technical letter report, documenting the relationship between
the fracture toughness information for these steel welds and the heat-affected zone (HAZ) of
these welds as a function of reactor service conditions.

When the present revision of NUREG/CR-4513. Rev. 1 was proposed, it was not anticipated
that a lot more information would be available from France and Japan. Since then, some new
results from the French, and some Japanese research effort data have been received.
Therefore, a decision was made by RES technical staff to include all the data that is presently
available into the present analysis document.
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In addition, recently RES received reviewer's comments on a report on corrosion fatigue, and
one of the comment being that this work is most important for both NRC and the industry.

Therefore, RES technical staff would like the contractor to address all the comments and
incorporate the responses in the corrosion fatigue document.

2.0 OBJECTIVE

The objective of this modification is to (i) continue the review of NUREG/CR-4513, Rev.1 and
update this NUREG/CR to Rev. 2, (ii) complete the preparation of the final letter report on steel
welds and heat affected zone and (iii) review the corrosion fatigue document and reviewer's
Comments, and prepare a final report with all the responses incorporated into the document.

3.0 SCOPE OF WORK

The scope of this modification is as follows:

In order to incorporate all the available new data into NUREG/CR. Rev. 2, some of the plots
shall be redrawn. In addition, some new sections and the discussion section shall be rewritten.

In addition, a new task is being added via this modification. The new task is to review and
address the reviewer's comments on the corrosion fatigue report and prepare a technical letter
report. The details are provided below:

New Task: (5)

• NRC staff will. provide the contractor corrosion fatigue document, the reviewer's

comments and NRC Staff comments. After the receipt of the comments, the
contractor shall address all the reviewer's and NRC staff comments.

*The contractor then shall prepare a technical report documenting both the comments
and the responses to the comments.

*Following the NRC staff approval of the contractor responses to the reviewer

comments, the contractor shall revise the corrosion fatigue report and incorporate all

the responses.
*The contractor shall prepare a technical letter report and submit it to the COR who in

cooperation with RES staff will review and make recommendations and submit the
final technical letter report to NRC staff.

4.0 SPECIFIC TASKS

Task 1. DATA COLECTION

The DOE Laboratory shall collect and review all the available data on the CGR and FT for both
un-irradiated and irradiated CASS with broad range of ferrite. The work shall evaluate FT and
CGR data as well as the combined thermal embrittlement (TE) and neutron irradiation

embrittlement (IE) effects on FT and CGR data. The study shall encompass cast stainless
steels with ferrite content extending beyond 25%. Similar information shall be assembled for
thermally aged flux welds.
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Task 2. PERPARE DRAFT NUREG/CR

The DOE Laboratory shall perform the following tasks:

* Prepare draft NUREG/CR documenting the relationship between ferrite content and
crack growth rate and fracture toughness information for all CASS steels and weld
metals both in aged and un-aged condition.

* Prepare manuscript for submission to peer reviewed scientific journal (viz. Journal of
Nuclear materials or Journal of Pressure Vessel Technology) from the final gap
analysis (Task 1)

Task 3. REVIEW/REVISE NUREG/CR 4513 REV. 1

The DOE Laboratory shall perform.the following tasks:

*Review and revise the NUREG/CR-451 3, Rev. 1 with the new fracture toughness
J-R curve data for CF-3, CF-8, and CF-8M grades of CASS materials (containing up
to 40% ferrite) in thermally aged and unaged as well as neutron irradiated and un-
irradiated conditions.

*Prepare draft NUREG/CR-4513, Rev. 2 to incorporate the following; (a) update the
methodology for estimating thermal embrittlement of various grades of CASS
materials as a function of time and temperature of reactor service, and (b) discuss
the procedure for estimating the effects of neutron irradiation on fracture toughness
of these materials, including the combined effects of thermal and neutron
embrittlement.

Task 4 REVIEW DATA ON.SS AUSTENTIC WELDS

* Review the data on austenitic SS welds and their processing, and fracture
toughness, in neutron irradiated and un-irradiated and thermally aged and unaged
conditions. Prepare a draft NUREG/CR report, documenting the relationship
between the fracture toughness information for these welds and heat-affected zone
(HAZ) as a function of reactor service.

Tasks-3 - 4:

* Continue the preparation and submission of all the deliverables for Tasks 3 and 4

Task: 5 PREPARE TECHNICAL LETTER REPORT

* NRC staff will provide the contractor corrosion fatigue document, the reviewer's

comments and NRC Staff comments. After the receipt of the comments, the
contractor shall address all the reviewer's and NRC staff comments.

*The contractor then shall prepare a technical report documenting both the comments
and the responses to the comments.

*Following the NRC staff approval of the contractor responses to the reviewer
comments, the contractor shall revise the corrosion fatigue report and incorporate all
the responses.

3



NRC-HQ-60-13-D-0023

Modification No. 0006
Attachment 1

The contractor shall prepare a technical letter report and submit it to the COR who in
cooperation with RES staff will review and make recommendations and submit the
final technical letter report to NRC staff.

5.0 DELIVERABLES AND/OR MILESTONES SCHEDULE

Task # Deliverable Due Date

3 Draft NUREG/CR-4513, Rev. 2 12/31/2015

3 Final NUREG/CR-4513, Rev. 2 6/15/2016
4 Draft NUREG/CR/Final TLR on Welds and HAZ 12/31/2015

4 Final NUREG/CR/Final TLR on Welds and HAZ 6/15/2016
5 Responses to the reviewer's comments on corrosion 12/31/2015

fatigue report
5 Technical letter report with all the responses 6/15/2016

incorporated / changes to the corrosion fatigue report
________ ~made will be submitted toNRC ___________

6.0TECHNICAL AND OTHER SPECIAL QUALIFICATIONS REQUIRED

No Change

7.0 MEETINGS AND TRAVEL

Travel for this modification is for one technical staff to travel to conference or visit NRC
for technical presentation for 2 days.

8.0 REPORTING REQUIREMENTS

No Change

9.0 PERIOD OF PERFORMANCE

Period of performance is from September 23, 2013 through June 30, 2016.

10.0 CONTRACTING OFFICER'S REPRESENTATIVE

No Change

11.0 MATERIALS REQUIRED

No Change.
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12.0 NRC-FURNISHED PROPERTYIMATERIALS

No Change

13.0 RESEARCH QUALITY

No Change

14.0 STANDARDS FOR CONTRACTORS WHO PREPARE NUREG-SERIES
MANUSCRIPTS

No Change

15.0 OTHER CONSIDERATIONS:

No Change
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