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goals. First, to specify, order and install a new

Overall Pro~ram Goals for Year One

Year one of this project had three major

high current ion source for more rapid and stable proton irradiation. Second, to assess the

use low temperature irradiation and chromium pre-enrichment in an effort to isolate a

radiation damage microstructure in stainless steels without the effects of RIS. Third, to

prepare for the irradiation of reactor pressure vessel steel and Zircaloy.

Program goals for First Quarter Year One

In year 1 quarter 1, the project goal was to order the high current ion source and to

procure and prepare samples of stainless steel for low temperature proton irradiation.

Prozram achievements for First (luarter Year One

Task 1: Ion Source

A Torvis Ion Source, manufactured by National Electrostatics Corporation was selected

for purchase based on its performance specifications, its favorable history and its price.

The order was placed on October 13, 1999. The delivery date is June 1, 2000 and the

installation is expected to take less than 3 weeks. We expect the source to be functional

and in operation by July 1, 2000. The cost of the source is being shared among, several

research grants and by the University of Michigan.
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Task 2: Isolation of Irradiated Microstructure

A heat of 304 stainless steel has been selected for experiments designed to isolate and

evaluate the radiation damage microstructure. This heat is designated as heat 304-B and

has the composition: Fe-1 8.3 Cr-8.5Ni-l .38Mn-0.37Mo-0.03 P-O.65Si-O.03S-O.035C-

0.068N. This heat was selected based on the extensive characterization it has received in

the Cooperative IASCC Research (CIR) Program over the last several years. As such,

extensive data exists on the unirradiated microstructure, the irradiated microstructure and

microchemistry and strength, (by both neutrons and protons), and the IASCC

susceptibility. Hence, it is the ideal alloy for the isolation of irradiated microstructure

from RIS,

In addition to specification of the alloy, samples have been fabricated for THM analysis

and SCC experiments. The parameters for the first irradiation have also been established.

The first irradiation will be conducted at 50°C to a dose of 0.3 dpa. The low irradiation

temperature is expected to suppress radiation induced segregation, leaving a

microstructure consisting of small (< 2 nm) damage zones and dislocation loop nuclei.

Subsequent thermal treatment will be used to grow the loops to values typical of LWR

irradiation while reducing the density. Hardness will be used as the measure of approach

to the target microstructure. The target microstructure is defined as one consisting of a

loop size between 6 and 10 nm and a loop density between 1 x 1022 and 5 x 1023m-3.

Values of loop size and density in this range are typical of LWR irradiation in the 1-10

dpa range. The first irradiation is planned for early in the second quarter of the project.

Tasks 3 and 4: NW Steels and Zircaloy

The objective for this task for the first year was to identify alloys and materials that

would be appropriate for irradiation, procure them, develop metallurgical preparation and

complete pre-irradiation characterization of the alloys. In the first quarter, significant

progress has been made on the reactor pressure vessel steels. We have selected three

model alloys for study:



VA: Fe (pure)

VH: Fe-O.9Cu

VD: Fe-O.9Cu-l .OMn

These three alloys were selected because they have been extensively characterized in

terms of their microstructure and post-in-adiation fracture properties after neutron and

electron irradiation. The neutron irradiation is part of an NRC program at the University

of California at Santa Barbara, under the direction of Robert Odette. The electron

irradiations have been done by Dale Alexander at Argonne National Laboratory. Results

to date have shown that only the Cu-bearing alloys harden substantially, but that the

magnitude and rate of hardening is the same for neutron and electron irradiation. We

have established collaborations with both groups in an effort to combine the results of

neutron, electron and proton irradiation on a common set of alloys in order to develop a

sound understanding of the effect of the irradiating particle in the development of

microstructure and fracture properties in these alloys.

To date, we have procured coupons of each alloy and are developing electropolishing and

jet-thinning techniques prior to pre-imadiation characterization and irradiation. We have

also been working on the determination of the irradiation parameters of dose, dose rate

and temperature for the first set of irradiations. We expect that the first irradiations of

this alloy will be done in the second quarter of this project.

Planned and Actual Completion Date for Major Tasks

Task Ianned Completion Date Actual Completion Date
I I

1. Installation of high current ~/30/99
I ion source I I I

r2. Isolation of microstructure in /31/01
stainless steel
3. Proton irradiation of Zircaloy 8/3 1/02
4. Proton irradiation of RPV 8/3 1/02
Steel



Task time schedule by project year (time increments in quarters)

Quarter

Taskl 2 3 4 5 6 7 8 9 10 11 12

1
la
lb

2
2a
2b
2C

2d

3
3b —
3C —
3d
3e
3f
3g

4
4b _
4C _
4d
4e
4f
4g

Estimated expenditures for the period: September 1, 1999 through November 30, 1999

Salaries: 10,108

Fringe Benefits 2,130

Supplies 89

Equipment 50,000
Travel 2,051

Tuition 5,374

Indirect cost 7.477

TOTAL 77,229

Expenditures represent 39% of the total budgeted for the period. This
that $50,000 was a one-time expenditure on equipment.


