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Overview of Current ART-GCR Data

* Fuel Fabrication

* Irradiation Monitoring (Fuel & Graphite — near real-time for HDG-1)
* Post-Irradiation Examination (Fuel & Graphite)

* Graphite Characterization (Baseline and Irradiated)

* High Temperature Metals Mechanical Tests

* Methods Validation Data
* Japan Atomic Energy Agency’s High Temperature Test Reactor (HTTR)

* Argonne National Laboratory’s Natural convection Shutdown heat removal Test
Facility (NSTF)

* Oregon State University’'s High Temperature Test Facility (HTTF)

Additional related data
* Advanced Test Reactor operations (near real-time)




Added AGR Fuel Data

AGR-3/4 particle data (ongoing)

Compact and particle inventory data from
radial DLBL

* Post-irradiation (8 compacts)

* Post-safety test (2 compacts)

* Post-safety test and post-NRAD
reirradiation (3 compacts)

Furnace temperature historﬁfor safety
tests (some AGR-1 and AGR-2)

* AGR-1 (3 INL compacts)
* AGR-2 (all 15 compacts)

AGR Fuel Summary page

* Data downloads for all completed AGR
irradiations (1, 2, 3/4, 5/6/7)

* Links to interactive data portals (SAS VA)
for Irradiation and PIE data

Notes to augment data interpretation

AGR Fuel Summary

Link to the AGR library




Added Other GCR and Related Data

* AGC

AGC-3 Exhaust Sweep Gas Cylinder
Analysis

AGC-3 Physics Calculations

AGC-4 Exhaust Sweep Gas Cylinder
Analysis

HDG-1 Irradiation Monitoring (constant
updating)

Baseline Graphite: characterization data for
Billet 2114-A20568 and Brazilian test for
Billet NBG-18-635-14

Uﬁdated Publication categorized library list in
SharePoint pages

* ndmas.inl.gov (public)
* ndmashome.inl.gov (access controlled)

* ATR operational data (constant updating)
* Interactive displays (Highcharts and VA)
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Welcome to Nuclear Data Management and Analysis System (NDMAS). The purpose of NDMAS is to

mport, qualify, graph, analyze, store, and deliver data collected as part of nuclear fuel and

materials research programs conducted at the INL Advanced Test Reactor (AT]

. The ATR core is

shown in Figure 1

Data in NDMAS is qualified for INL use following procedures and processes at the time of collection

Strategic Partners need to qualify the data via a commercial grade survey before taking it to NRC for
approval. Please direct inquires on additional requirements o rigor associated with the survey to INL
Quality Assurance (QA). See overview of the INL process and contact information an the respective
program Data Qualification page.

« Adescription of the system can be found in

o NDMAS System and Process Description (INL/EXT-12-27534)
A description of the web delivery and analysis capabilities can be found in

o NDMAS Analysis and Web Delivery Capabilities (INL/EXT-09-16327).
Data contained in this website have been processed through the INL Laboratery Review System
and approved for limited release to members of the participating programs or to those granted
access permission by the relevant INL program office. For additianal information regarding rules
for site operation and maintenance of data security, click here.

The top navigation bar cantains links to the data sets that you are authorized to access

FullName  Roles Respansinilties Rusiness Phane Fail Address

Andrea  Stalistician Data analysis 2082561617  AncieaMack@inlgov  EROBIF

Mack 654
IWE201

BinhPham Datacaptureand  Fuels and Graphite 8054481383  BinhPham@inlgov Off Site

delivery expert, and

data streams, data

analyst qualification, and
analysis
Courtney  Lead Administration 2085261228 Courtney.Otani@inl.gov
Otani support
John Data analysis 2085266321 John Merickel@inl gov
Merickel
Keith SAS system Administration Keith Wilson@inl gov  EILIF
Wilkon  administrator support and 288401
e expert
SAS system Kirk Fitzgerald@inl gov  EIL IF-688
4 administrator 2BA401

Data Analyst

Lybeck

High Temp Materials

NancyLybeck@inl gov

and TMIST data
streams
Mancy  Databaseexpert,  ATFand HARRData 2085263523  NancyJohnson@inlgoy EROB IF.
Johnson  data delivery, and  Streams, SharePoint 654
administration development, IWETD!
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Updated High Temperature Metals

Fully back online

Steam Generator and Intermediate Heat

xchange

eactor Pressure Vessel

ropdown options for streamlined
viewing of data
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aracterization of Alloy 617 (IHX) and Alloy 800H (SG)

Today's high temperature alloys and associated ASME Codes for reactor applications are approved for temperatures up to 750°C.
However, some primary system components, such as the intermediate heat exchanger for the Very High Temperature Reactor (VHTR)
will require the use of materials that can withstand higher temperatures. There are specific weaknesses in the understanding of material
properties at these high temperatures. A large matrix of testing to support the design and licensing of a VHTR has been

developed (Wright, 2008, PLN 2804, available for dewnload inside the INL firewall). Tests include the measurement of mechanical,
physical, and corrosion characteristics of Alloys 617 and 800H at high temperatures. Data from the tests was collected under NQA-1
standards and will be used to extend ASME Codes for reactor aperations ta the temperatures needed to license the VHTR.

Categories of testing are described below. Links to results, grouped by type of testing, are available to the right
Data quallfication status is available here, al data are considered preliminary prior to qualification

Creep Tests
Interrupted Creep and Creep Rupture testing utilized Alloy 617 tensile specimens. The specimens were tested in air between 750° and

1000°C, with applied stress ranges from 11 ta 388 MPa. Product form will be plate from a single heat (xyz-CF)

d creep tests, microstructural evaluations (TEM, SEM, etc) are performed on creep specimens at certain strain levels or
& cooled under load befare their removal from the test frame to preserve

For the interrupt
periods along the creep curves, The test specimens should
the existing microstructure, The abjective is to identify different microstructural processes such as dislocation interactions, subgrain

farmations, dislocation multiplicatian, dislocation-carbide interactions, diffusianal creep mechanism, grain boundary cavitation, cracking
etc, at different locations along a creep curve. This will differentiate the contributions of deformation and damage in the part of the

creep curve usually considered to be in the tertiary creep regime.

Cyslic Tests
Cyclic tests for Alloy 617 include both fatigue and creep-fatigue tests. Creep-fatigue is the most life-limiting structural failure mode for
the elevated temperature IHX components. The purpose of cyelic testing includes supporting design curves for the ASME code case,

determining the creep-fatigue interaction diagram, and determining environmental effects

Tensile Tests

Time-independent design allawable stress limits are used to guard against the tensile failure made owing te shert duration loading at

temperature, for example, during an arthquake. In support of the determination of time-independent design allowable stresses, Sy, at
elevated temperatures for Alloys 617 and 80CH, tensile testing was performed in air at multiple temperatures. Ultimate tensile strength,
yield strength, reduction of area, and elongation were tabulated for each test. The development of a code case for a new materia

requires these values at 50°C intervals, from room tamperature to 50°C above the maximum intended use temperature.

Charpy Tests
Charpy Impact testing is used to measure the amount of energy absorbed by a material during fracture. A notched test specimen is held

securely on each end. A hammer on a pendulum arm strikes the specimen opposite the notch. The energy absorbed by the specimen is

determined by measuring the decrease in motion of the pendulum arm. Charpy tests are frequently performed an identical specimens at
different temperatures, and the impact energy is plotted as a function of temperature.
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Ongoing and Upcoming Work

* AGR
* Continued work on AGR 3/4 radial DLBL data and other PIE
data

* AGC

* More baseline data coming
* Oxidation data coming

* Gen |V Materials Handbook

* Metals, graphite, ceramics, and composites data from GIF
Materials project group

©




Users Guide

* Clarifies instruction and content on
access and navigation for all aspects of
the ART-GCR programs, which include
data from

* Advanced Gas Reactor (AGR) fabrication,

irradiation experiments, and post-irradiation
examination

* Advanced Graphite Creep (AGC) and High-
dose Graphite Creep (HDG) irradiation
experiments, graphite material
characterization

* High Temperature Metals (HTM)
characterization
* Other information
* Acronyms
* Index to all webpages: organized by
general topic

* https://ndmashome.inl.gov/art/user-quide
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The purpose of NDMAS is to impert, qualify, graph, analyze, store, and deliver data collected as part of nuclear
rials research programs conducted at INL. Data in NDMAS is qualified for INL use following
rocesses at the time of collection. Strategic Partners need to qualify the data via a commercial
el taking it to the U.S. Nuclear Regulatory Commission (NRC) for approval. Please direct
ires on additional requirements or rigor associated with the survey to INL QA. See overview of the INL
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Figure 1. NDMAS roles flow chart.



https://ndmashome.inl.gov/art/user-guide

Interested in gaining
access to NDMAS?

GAS-COOLED — .
RE ACTO R i . For other questions, email Courtney Otani.
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