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- Importance of Understanding Materials
Degradation Processes

Restructuring in
U-Pu-Zr Metallic Fuel

* Neutron and gamma radiation can change
material properties.

* A mechanistic understanding of radiation-induced o .

. . . . . Radiation Damage Effects in
degradation processes can aid in lifetime Cladding and Structural Materials
prediction of core components and guide A
inspection and replacement programs.

* Enable the development of mitigation strategies,
such as hydrogen water chemistry, Zn injection,
etc., used in current light water reactors.

Gas Reactor Coated-
Particle Fuel

» Lead to the de_velopment of more ra_diation- Austentic Stainless Steel
tolerant materials that can be used in advanced Faliowing Iadiafion in
LWR and next generation nuclear power plants.
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- Utilization of Research and Test
Reactors for Radiation Damage

Testing Strategy for Novel Materials

Irradiation Testing Hierarchy @ —

1. lon Beams Irradiation Facilities THE UNIVERSITY _— Tici]i:""”'”""“"‘"f:::"_"““’""‘““"’“"""“"““""“’"'"‘“"“"”““""‘"'"
* Allow immediate feedback of performance WLSEOE‘SIN
* Ease of instrumentation
* Ease of environmental tuning ﬁ y o

2. Low-Power Research Reactors NC State U@Hﬁy a e
* Proof-of-concept (First 1% and 10% testing) T T
* Instrumentation development (pulsing for TREAT) e e L

* Neutron radiography

» Experiment modeling & validation efforts @T’m“‘““’"
3. High-Performance Test Reactors

* Proof-of-performance

* Prototypical environment

B Massachusetis
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- ATR Historical Perspective

Materials Test Reactor (MTR)
* 1952 through the early 1970s

» First of its kind to study material
behavior in a radiation field. s

Engineering Test Reactor (ETR)
« 1958 through the early 1980s

« Studied fuel performance and reactor
components, including experiments.

Advanced Test Reactor (ATR) o g |
 [|nitial operation in 1967 — continuous operation until present
* Fuels and materials development for the Naval Nuclear Propulsion

Program, the Department of Energy, and others.




- ATR Description

Reactor Type

Pressurized, light-water moderated
and cooled; beryllium reflector
250MW1 design

Reactor Vessel
12 ft (3.65 m) diameter cylinder,
36 ft (10.67 m) high stainless steel

Maximum Flux, at 250 MW
1.0x10" n/cm2-sec thermal
0.5x10"° n/cm2-sec fast

Reactor Core
40 fuel assemblies
U-Al plates — 19/assembly

Outer shim
cylinder drives

In-pile tubes

Safety rod
drives

Reactor core

Discharge
chute

In-pile tubes
entrance/exit

piping

Neck shim and
regulating rod
drives

IDAHO NATIONAL LABORATORY



- ATR Operations

Small B Position
(2.22 cm) Fuel Element

Neck Shim Rod
Small | Position
(3.81 cm)

Northeast Flux
Trap Irradiation
Facility

Large Loop
Irradiatio

« 77 lrradiation Positions ”
- 48" length, 0.5" to 5.0" diameter oo

. Rotatin?_Hafniu_m Control Cylinders — (127 cm or 5
symmetrical axial flux
- Power/Flux Adjustments (“Tilt") across woton Refecor
the Core — <3:1 ratio o W 7 Neck
. . POSiti(c):rr]n D /////// ...'..\\\'\L; / Sgiun;iEOd
Operating Cycles | e | y %\/%|§/\\/§|§>@ Fouang
— Standard operating cycle is 60 days g‘%%g?% 0= M@%/fﬁ
- V(aggiglonally short high-power cycles of 2 | Safety Rod \J)\\\\%g H%%/// \I:V Inboard A
N\ N7 (1,59 am)
— Typical reactor outages are three weeks Quter Shifl (,‘ KRR or
~ Sepairations for approximately 200 days per —- renk
rradiation racility
 Core Internals Change-out (CIC), every Fosion cot o T
~10 years oo daras
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I Advanced Test Reactor Irradiation Types

Simple Static Capsules
» Designed for a single temperature
* Instrumented with flux and melt wires

Instrumented Lead Experiments

* Online experiment measurements
» With or w/o temperature control

Pressurized-Water Loops
» Five loops installed in flux traps
« Control pressure, temperature, chemistry

Hvdraulic Shuttle lrradiation Svs
+ Inserted and removed during reactor ops
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- Simple Static Capsule Experiments

 Passive instrumentation (flux
wires, melt wires)

* Enclosed in sealed tube, or fuel
plates

» Temperature target controlled by
varying gas mixture in conduction
gap and with material selection

* Lengths up to 48"
» Diameter 0.5-5.0"

» Used for isotope production and
fuel and material testing

B 0]
M (L. Pressure boundary

/ Specimen container

" » - I
Melt wires inside :I
small sealed tubes

not shown——"[{]

"
HI - Specimens

Il Ceramic insulators
separating temperature
ranges

Static capsule cross section

Static capsule
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Instrumented Lead Experiments

* Online experiment

measurements ATR Vessel

Wall

« Temperature control range L-Flange

250-1200°C, £5°C
* Monitoring of temperature AGR-1 Leadout
control exhaust gases for

experiment performance Discharge
(e.g., gasses, fission products, Core
leaking materials, etc.)
AGR-1
« Specialized gas environments Capsules

(oxidized, inert, etc.)
Fuel

IDAHO NATIONAL LABORATORY




- Pressurized-Water Loop Tests

« Six flux trap positions currently have

pressurized-water in-pile loop tests
(1 large diameter, 5 small diameter) '

« Separate from ATR primary coolant
system

Top head closure plate

Instrumented lead

Operating console

Vessel wall

|~ NSUF
in-pile tube
test train

- Each loop has its own temperature,
pressure, flow, and chemistry control
systems — can exceed current
reactor operating conditions

 Transient testing capabilities :
(cycle/seconds) s

experiment’
s

Fuel

Core

Heat exchanger

lon exchange columns

Loop inlet and
outlet piping

 Potentially feasible to simulate
boiling-water reactor void conditions

« 2A-Center available for experiments

IDAHO NATIONAL LABORATORY



I INLs Other Steady-State Reactors

ATR Critical Facility Nuclear Radiography Reactor
(ATRC) (NRAD)
Low Power version of ATR * 250kW TRIGA reactor
« Same size and geometry as ATR « The reactor room is located beneath the Hot
. Pool reactor connected to ATR canal Fuel Examination Facility (HFEF) main cell.
- Power <5 KW, typically ~600 W « Two beamlines provide radiography capabilities.
* Primarily utilized to verify ATR core change * Objects can be lowered into the north beam line
(experiments) effects from a truck lock capable of handling casks and
- Limited availability for other types of larger materials.

experiments including instrumentation testing. . A water hole provides in-core irradiation
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Designed to aid in selection of possible
reactor positions and post-irradiation
examination facilities based on nuclear
constraints

1. Neutron Damage Calculator

— Calculates time to reach desired DPA or amount of
DPA accumulated over desired time for reactor
positions available to NSUF users

2. Radioactivity Calculator

— Calculates activity and gamma dose rate for
chosen position 30-180 days after irradiation

Includes 83 starting elements in user-specified composition and
794 isotopes of 94 elements for activation/decay calculations

Available at the NSUF website
— https://nsuf-infrastructure.inl.gov/Calculator

— Registration is required

NNDC ENDF

Neutron Cross-
Section Libraries

NJOY

252-Energy
Group Neutron
Capture Cross-
Sections

Jlll Reactor Activation and Damage Calculator

MI User Input SPECTER
Atomic Mass Desired Material Displacement
Natural Abundance| | Damage (DPA) Damage-Energy
Half-Life and Cross-Sections
Activation Product Material Threshold
Daughter Product Composition Displacement
Gamma Factor Energies

A\ 4 A

Neutron Damage Calculator

Material
Composition

Reactor
Position

252-Energy
Group Neutron

Fluxes

\ 4

Radioactivity Calculator

Sample
Radioactivity

Sample
Gamma Dose
Rate

Graphic courtesy of KaeCee Holden
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eactor Activation & Damage Calculator

Calculation Type

DAY o
Desired Days
e Thermal Fluence Fast Fluence
Select Reactor Position Diameter (cm) DPA Days Cycles Years (n/em+2) (nfemA2)
Material Composition
nATR Al 16 1.656 60 11 03 3.26e+020 2.72e+020
Fe-17Cr-12Ni-3Mo-2Mn-1C-18i
nATR Al3 16 1.469 60 11 03 2 73e+020 2 24e+020
— j aATR B1 22 0718 60 11 03 2 94e+020 1.53e+020
V @ aATR B9 38 0.212 60 (N 03 1.24e+020 5.69e+019
n ATR EFT 76 0.954 60 1 03 5.962+020 4.99¢+020
nATR bl 127 0.007 60 i) 03 9.422+018 3.12e+018
aATR 121 38 0.024 60 11 03 3.55e+019 3.87e+018
nATR 13 83 0.008 60 1.1 03 1.28e+019 2.81e+018
nATR 15 83 0.005 60 141 D3 1.07e+019 1.9%e+018
n HFIR PTP 11 4098 60 22 0.3 5.18e+021 5.70e+021
a HFIR RB5B 46 0729 60 22 03 7 68e+020 4 68e+020
n HFIR VXF12 4 0.036 60 22 03 1.75e+020 2.19e+019
nHFIR VXF14 72 0.041 60 22 03 9.01e+019 1.6%e+019
n MITR ICSA 41 0.308 60 1 0 1.00e+020 1.17e+021
n MITR WATF 51 0.339 60 1 0 1.80e+020 1.3%e+021
n PULSTAR REP 6.4 0.007 60 12 0 3.222+019 4 64e+018
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- RAD Calculator

Your sample contains Fe-17Cr-12Ni-3Mo-2Mn-1C-1Si

Calculation Type
DAY Q
Position B1
Desired Days AT R Diameter (cm) 2.2
80 DPA 0.497
Thermal Fluence Fast Fluence
Dy o0 (nfcm#2) (nfcm~2)
Material Compositic Cycle 11
Fe-17Cr-12Ni-3 Years 0.3 3.28e+020 27224020
Thermal Fluence 2 94e+020 2.73e+020 2 244020
[ FastFluence  153+020 28454020 1534020
A
(nicm*2) 124e+020 5.69e+019
After irradiation, the activity and effective 2R s
gamma dose rate at 30 cm per gram of your 94204018 31204018
sample is:
3552+019 3.87e+018
g o Effective
Ouration Activity y dose 12824019 281e+018
Days Ba/g Cilg mrem/hrig HERIE (deuis
5.182+021 5.70e+021
30 9.01E+09 | 0243 97
7.68e+020 4.68e+020
60 461E+09 | 0125 537
1.75e+020 2.19e+019
90 252E+09 | 00682 | 1.2
9.01e+019 1.69e+019
180 8.05E+08 | 0.0218 | 8.9 1.00e+020 1.17e+021
1.802+020 1.39e+021
Select a different position S NEREE
\
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