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ABSTRACT
The Oak Ridge High Flux Isotope Reactor (HFIR) is an 85 MW
research reactor with a variety of irradiation facilities. The target
region has the highest continuous thermal neutron flux available in
the western world and facilities in the beryllium reflector provide
opportunities to irradiate experiments of various sizes in a variety of
neutron spectrums. Major programs utilizing these facilities include
Fusion Materials, Advanced Neutron Source (ANS), New Production
Reactor, and Modular High Temperature Gas-Cooled Reactor.

1. Introduction

The Oak Ridge High Flux Isotope Reactor (HFIR) is a pressurized, light-water-cooled, beryllium-

reflected, 85-MW research reactor. It was designed for the production of isotopes, particularly

transuranium isotopes. This production requires high thermal and epitherma] fluxes, and the HFIR

target region has the highest steady-state thermal neutron flux in the western world. The relatively

high reactor power and power density lead to a high fast neutron flux, so that the HFTR is also used

for materials irradiation experiments.

In November 1986 the HFIR was shutdown to investigate greater-than-expected embrittlement of the

reactor vessel. As a result of that investigation and in an effort to meet new Department of Energy

(DOE) requirements, the shutdown was extended to incorporate modifications to the reactor facility

and operating procedures. Concurrently, the HFIR Irradiation Facilities Improvement (HIFI) Project

[Reference 1] was completed, and when it was possible to once again perform materials irradiations

in June 1990, several programs took advantage of these new facilities.

While the HFIR began operation in 1965, the first materials irradiation experiments were not

performed until late 1969. From that time until the November 1986 shutdown, the only instrumented

"Based on work performed at Oak Ridge National Laboratory, managed by the U.S. Department
of Energy under contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.

,,sr MASTER >
flISTRfBUTION OF THIS U B C U W E H T fS UNLIMfTEfi

*f •»T*'>«»*



experiments conducted in the HFIR were in support of the High-Temperature Gas-Cooled Reactor

(HTGR) program. The HFIR, while having very high neutron fluxes, was not an easy place to

perform instrumented irradiation experiments, so most were performed at other reactors. However,

with the completion of the HIFI project, the number and size of the choicest facilities were increased,

and the accessibility to these facilities was greatly improved. The Magnetic Fusion Energy (MFE)

Materials Program, which partially funded the HIFI Project, was the first to make use of the new

RB-fr facilities. Shortly thereafter, the Civilian Modular HTGR (MHTGR) program irradiated

reference fuel compacts and currently the New Production Reactor MHTGR (NPR-MHTGR)

Program has two instrumented experiments in which candidate fuel compacts are being irradiated in

the RB# facilities.

Uninstrumented experiments in the target region of the HFIR have historically been in support of

both the HTGR and MFE materials programs. Since June 1990 these programs have been joined

by the NPR-MHTGR and Advanced Neutron Source (ANS) projects with several similar

experiments.

Z HFIR Irradiation Facilities

A cross section of the HFIR core and reflector showing all of the materials irradiation facilities is

presented in Fig. 1. As shown in Fig. 1, the HFIR core is made up of two concentric annular fuel

elements. In the center of these elements is the target region where the target bundle with thirty

interior target rods and six peripheral target rods is located. Up to two instrumented experiments

can be accommodated in the interior target rod region.

Immediately outside the core is the control plate region and immediately beyond that, in the beryllium

reflector, are eight Large Removable Beryllium (LRB or RBit) facilities in which most instrumented

experiments are performed. These facilities can accommodate capsules of up to 46 mm diameter.

Access holes in the quick-opening hatch directly over each of these positions permit the design of

straight experimental assemblies thereby making it easy to rotate capsules to minimize the effects of

fluence gradients through experiments. Likewise, since each position is identical, experiments

designed for one RB-MT facility will fit into any of the seven other R B * facilities.
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Fig. 1. Cross section of reactor core and beryllium reflector at horizontal midplane.
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Proceeding radiall; outward into the reflector, the next irradiation facilities are the small vertical

experimental facilities (VXF). There are 16 small VXF positions and each will accept capsules of

up to 37-mm diameter. Access to these facilities is more difficult than the RB# facilities, being

through the one of six offset access ports in the pressure vessel top head. Curved access tubes (S-

bend assemblies) have been designed for two small VXF positions and capsules irradiated in these

positions must have flexible leads from the capsule proper to the pressure vessel access port.

Beyond the small VXF facilities are the large VXF facilities. These positions can accommodate

capsules of up to 69-mm diameter, and access is accomplished through the same pressure vessel top

head access ports as used for the small VXF positions. Also, being further from the core the neutron

fluxes in these positions are lower than in the small VXF positions.

At the outer edge of the reflector are four slant experimental facility (EF) positions. One of these

houses a pneumatic tube but the other three can be used to irradiate capsules of up to about 96 mm

diameter. The EF positions consist of tubes that are inclined upward 49° from horizontal. The

lower ends of these tubes are tangential to the outer edge of the reflector while the upper ends

terminate at the outer face of the pool wall in an experiment room.

Characteristics of the major materials irradiation facilities in the HFIR are shown in Table 1.

Table 1. Characteristics ot Major Irradiation Facilities in the HFTR.

Small Large
Characteristics Target R S ^ . VXF VXF EF

Fast Flux, E>0.1 MeV 12 6 0.5 0.13 0.008
(1018 neutrons m V )

Maximum displacements per 20 6
atom (dpa) per calendar year,
stainless steel

Thermal flux
(1018 neutrons m 'V)

Gamma heating (W/g SS)

Typical capsule diameter (mm)

Number of available positions

24

46

16

36

14

16

46

8

7.5

3.3

37

16

4.3

1.7

69

6

2.0

0.7

-96

4



3. Experiments Currently in HFIR

A variety of programs are currently utilizing the HFIR to perform materials irradiation experiments.

Major programs with experiments operating in the HFIR include the MFE materials program, the

NPR-MHTGR program, and the ANS project. Experimental facilities utilized by these programs

include the target region, RB#, and small VXF facilities.

3.1 MFE Materials Irradiations

The MFE materials program has utilized the HFIR target and peripheral target facilities for many

years. Since completion of the HIFI project and restart of the HFIR, two RB& facilities have

been in continuous use irradiating capsules in a neutron spectrum tailoring environment. The

types of specimens irradiated in both the target and RB"fr facilities are shown in Fig. 2.

Capsules irradiated in the target region are normally uninstrumented containing 11 specimen

loading positions over the 500-mm test length. Desired temperatures are achieved through a gas

gap design utilizing thermal analyses to determine proper gas gaps.

A series of spectrally tailored experiments are being irradiated in the RB-& facilities. Four

capsules are designed [Reference 2] to accommodate Japanese and US MFE specimens

preirradiated to about 8 displacements per atom (dpa) in the Oak Ridge Research Reactor

(ORR) at temperatures of 60, 200, 330, and 400°C. In each capsule, specimens are

reencapsulated to be irradiated at the same temperatures to a damage level of 17 to 18 dpa. The

capsules are irradiated in pairs, and currently the 60 and 330°C are in the HFIR; the 200 and

400°C capsules are being fabricated and the pairs will be exchanged in August 1992. A typical

arrangement of the capsule designs is shown in Fig. 3.

Spectral tailoring of the neutron flux to simulate in austenitic stainless steels the helium

production-to-atom displacement ratio of 14 appm/dpa expected in the fusion reactor first wall
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is achieved by surrounding the capsules with a 4.2-mm thick hafnium sleeve. This controls the

two step 58Ni thermal neutron reaction producing helium, while fast neutrons are simultaneously

producing atomic displacements.

3.2 NPR-MHTGR Program

The NPR-MHTGR program is currently irradiating two experiments in RB-fr facilities, NPR-1 and

NPR-2. These capsules are the first in-reactor tests of high enriched, uranium oxycarbide,

TRISO-coated fuel fabricated in pilot plant facilities using reference processes. A cross section

of these experiments is shown in Fig. 4. Each capsule has two H-451 graphite fuel holders

stacked one above the other. There are eight 50-mm long compacts in each fuel holder for a

total of 16 compacts per capsule. A stepped gas gap between the fuel holders and the primary

containment vessel is swept with a mixture of helium and neon to control the fuel compact

temperatures. Twenty-eight thermocouples are used to monitor the graphite fuel holder

temperature at the axial midplane of each fuel compact. Thermal analyses are then used to

calculate the volumetric average fuel compact temperature. The NPR-1 capsule was designed

to obtain a volumetric average fuel compact temperature of 1250° C and NPR-2, 1000° C.

Since the fresh high enriched fuel particles would experience higher than desired power densities

in the high thermal flux RB& positions, each capsule was irradiated for three cycles in a small

VXF position to obtain about 40% burnup. The capsules were then moved to RB# positions

to achieve a desired fast neutron fluence of 4 x 1025 n/m2.

During the irradiation period in both facilities, the helium/neon temperature control sweep gas

is sampled routinely to determine the release-to-birth rate ratio (R/B) for various gaseous fission

products. This sweep gas is also monitored by ion chambers sensitive enough to detect the failure

of individual coated particles.
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3.3 Advanced Neutron Source Project

The Advanced Neutron Source (ANS) Project is currently using the HFIR target region to

determine the effects of high fission rate and high fission density on the swelling characteristics

of uranium silicide fuel powder and the effects of high thermal neutron fluence on the mechanical

properties of type 6061-T6 aluminum.

Uranium silicide is the primary fuel candidate for the ANS, but a paucity of swelling data exist

at high fission densities, and no data exist at high fission rates. In the HFIR target region fission

rates of about 9 X 1021 fissions/m3-sec can be obtained permitting fission densities of up to 1.6

X 1028 fissions/m3 to be achieved in one HFIR cycle. One capsule, HANS-1, irradiated 18 fuel

holders containing 40 mg of fuel each at temperatures from 250 to 425°C. The capsule was

designed such that fission power accounted for only 10% of the total heat generated, the



remainder coming from gamma heat. This permitted the fuel holders to operate at nearly

constant temperature during the irradiation even though fuel burnup was about 90%. The

HANS-1 capsule is currently undergoing postirradiation examination, and plans are underway to

assemble a followup capsule, HANS-2.

The primary material being considered for the core pressure boundary tube (CPBT) of the ANS

is 6061-T6 aluminum. Once again, not much high fluence data exist on the effects of irradiation

on mechanical properties of this material, and in particular fracture toughness, in the range of

95°C. Two capsules have been fabricated for this program. The first, HANSAL-T1, was

irradiated for three cycles to an approximate thermal neutron fluence of 1026 neutrons/m2, and

the second, HANSAL-T2, is currently in the HFIR and will be irradiated to a fluence of 1027

neutrons/m2. Each capsule occupies four target positions and contains sixteen 0.45T compact

fracture toughness specimens, 15 miniflat tensile specimens, 30 transmission electron microscopy

(TEM) specimens, and 30 field ion microscope atom probe (FIM-AP) needle specimens, all in

contact with the reactor cooling water. The tensile, TEM, and FTM-AP specimens are included

for correlation of tensile, microstructural, and fracture toughness properties. In addition to the

test specimens, each capsule contains eight melt-material packages for temperature monitoring

and five neutron dosimetry packages. The capsule hardware and specimen types are shown in

Fig. 5.

4. Summary

The HFIR has a diverse variety of facilities available to carry out a wide range of materials irradiation

experiments. At present, the operating pattern of eleven to twelve 21-day cycles permits achieving

high neutron fluences in relatively short periods of time.

Numerous programs, including international collaborations, are using the HFIR to meet their

materials irradiation requirements. Several of these programs have a long history of using the HFIR

and they, along with newer programs, expect to use the HFIR for the foreseeable future.
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irradiation
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A VARIETY OF IRRADIATION
FACILITIES ARE AVAILABLE IN HFIR

Target Region

• Uninstrumented
• Instrumented
• Hydraulic tube

RB*

Vertical Experimental Facilities in Reflector

• Small
• Large
• Pneumatic tube
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CHARACTERISTICS OF MAJOR IRRADIATION
FACILITIES IN HFIR

Characteristics Target RB* Small Large EF
VXF VXF

Fast Flux, E>0.1 MeV 12 6 0.5 0.13 0.008
(1018 neutrons m'V1)

Maximum displacements per 20 6
atom (dpa) per calendar year,
stainless steel

Thermal flux 24 14 7.5 4.3 2.0

(1018 neutrons m V )

Gamma heating (W/g SS) 46 16 3.3 1.7 0.7

Typical capsule diameter (mm) 16 46 37 69 -96

Number of available positions 36 8 16 6 4



CURRENT MATERIALS
IRRADIATION EXPERIMENTS

SUPPORT
A VARIETY OF PROGRAMS

• Fusion Materials Program
• US/Japan Collaboration
• US
• ITER

• NPR-MHTGR Program

• Advanced Neutron Source
(ANS) Project



Several Experiments Support Magnetic Fusion
Energy Materials Program - 4 Target Capsules
and 2 Spectral Tailored RB v Capsules

Purpose: Determine properties of candidate first-
wall materials under conditions of
simultaneous displacement damage and
helium generation over the range of 60-
650° C.

Design Conditions:

Spectral tailored capsules

Target Capsules

Normal materials

Isotopically tailored

Temperature, °C

60 and 330

2(XJ to 650

200 to 650

Approximate
damage rale
dpa/s x 10"

4

11

11

He/dpa
ratio

9-12

- 60

1,5,12.60



Several Experiments Support Magnetic Fusion
Energy Materials Program (cont'd)

Key Objectives:

• Provide data on swelling, irradiation creep, and
tensile properties of austenitic stainless steels
irradiated at ITER-relevant conditions.

• Determine the effect of welding technique on the
tensile and swelling properties of welds-

• Determine the effect of irradiation temperature
and material composition on the susceptibility oi"
austenitic structured alloys to RASCC.



DESIGN OF THE 60°C CAPSULE

• Uninstrumented with test specimens in contact with reactor
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NPR-MHTGR Program Has Two Experiments
in RB^t Facilities (NPR-1 and NPR-2)

Purpose: Demonstrate that HEU UCO TRISO-
coated fuel will perform as expected
at peak and moderate operating
temperatures to full burnup/fluence.

Design Conditions:

NPR-1 NPR-2

Fuel Volumetric Avg. Temp. 1250° C 1000° C

Burnup <; 79% < 79%

Fast Fluence <; 4 x 1025 n/m2



NPR-MHTGR Program Has Two Experiments
in RB^r Facilities (cont'd)

Key Objectives:

First in-reactor tests of HEU UCO TRISO
fuel fabricated in pilot plant facilities using
reference processes

Provide in-reactor performance data for as-
manufactured defective particles
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Advanced Neutron Source (ANS) Project Has
One Experiment in the Target Region -
HANSAL-T2

Purpose: Determine effect of irradiation on
mechanical properties of type
6061-T6 aluminum.

Design Conditions:

Temperature ~ 95° C
Thermal Neutron Fluence 1027 n/m2

Thermal/Fast Ratio 2



Advanced Neutron Source (ANS) Project Has
One Experiment in the Target Region (cont'd)

Key Objectives:

Provide information on effect of
irradiation on the fracture toughness

Tensile properties

Microstructural characterization



HFIR Target Capsule for Aluminum
Irradiation Consists of Many Parts



Irradiation Capsule Occupies Four Targel
Positions in HFIR



View of Top of Capsule Shows
Coolant Water Passages



ANS Fuel Irradiations

Purpose: Determine effects of high fission rate and
high fission density on the swelling
characteristics of uranium silicide fuel

Design Conditions:

Temperature 250 - 425° C
Fission Rate 9 x 1021 m^-sec1

Fission Density 1.6 x 1028 fissions m"3

Objective: Ensure that HEU silicide fuels are suitable
for use at ANS relevant conditions



Numerous Experiments are Planned for the
Near Future

• Fusion Materials Program

• Ceramic materials in target
• Isotopically tailored materials in target
• 200 and 400° C spectral tailored experiments in

RB*
• Carbon/Carbon composites in target

• Civilian - MHTGR Program

- HRB-19 and HRB-20 in RB*

• NPR-MHTGR Program

* Fuels in VXF and RB*

• Graphites in target

• ANS Project

• Fuel capsule in target

• Aluminum experiment in RB*

i NPR-HWR Program

• Pressure vessel materials in RB*



Summary

HFIR has a diverse variety of facilities
available for materials irradiation
experiments

Experiments currently using these
facilities are or will be providing valuable
data for important programs

Near term future experiments will assure
a place for HFIR as a major MTR


