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REACTOR PRESSURE VESSEL ANNEALING OPTIMIZATION
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ABSTRACT. Light water reactor pressure vessel (RPV) material properties reduced by long-
term exposure to neutron irradiation can be recovered through a thermal annealing treatment.
This technique to extend RPV life provides a complementary approach to analytical
methodologies to evaluate RPV integrity. RPV annealing has been successfully demonstrated
in the former Soviet Union and on a limited basis by the U.S. (military applications only).
The process of demonstrating the technical feasibility of annealing commercial U.S. RPVs is
being pursued through a cooperative effort between the nuclear industry and the U.S.
Department of Energy (USDOE) Plant Lifetime Improvement (PLIM) Program. Presently,
two projects are under way through the USDOE PLIM Program to demonstrate the technical
feasibility of annealing commercial U.S. RPVs, (1) annealing re-embrittlement data base
development and (2) heat transfer boundary condition experiments.

Presently, limited information is available regarding the re-embrittlement behavior of typical
RPV plate and weld materials following a 454°C (850°F) anneal. This project involves a
series of test reactor irradiation-anneal-reirradiation experiments performed on RPV plate
(ASTM-type A302 Grade B and A533 Grade B) and weld (Linde 80) materials. The re-
embrittlement behavior of these materials is being studied as a function of fluence level,
annealing temperature_ and time. Results from this study will help determine the proper
combination of annealing temperature and time to minimize the re-embrittlement rate and
maximize material property recovery. A summary description of the re-embrittlement data

, base effort is presented.

The DOE PLIM Program is providing benchmark data for the evaluation of analytical models
used to characterize and predict RPV response (thermally induced stresses and strains) during
annealing. This project involves an experiment at Sandia National Laboratories' Radiant Heat
Facility to provide heat transfer boundary condition i,-,puts to analytical models and a future
experinaent to obtain strain measurements on RPV components during a simulated anneal.
The experiments include extensive characterization of material response during annealing
simulations performed on an unirradiated section of an RPV. The test apparatus also includes
a mock-up of the insulation surrounding the RPV and the reactor cavity wall. The
experimental setup is described.

Keywords: radiation embrittlement, nuclear reactor pressure vessel steels, themaal annealing,
re-embrittlement

" This work is supported by the United States Department Of Energy under Contract DE-
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INTRODUCTION

The continued viability of the nuclear power option (i.e., life extension, or the next generation
of plants) is very dependent on the continued safe and economic operation of existing plants
without premature shutdown. The resolution of RPV neutron radiation embrittlernent issues,
in a cost-effective manner without excessive conservatism due to a lack of clear scientific

information, is critical given the RPV's safety significance and high replacement cost.

Several options exist to manage the embrittlement of RPV materials. These options can be
grouped into four categories [1]:

1. demonstrating embrittlement susceptibility to be less than predicted,
2. reducing the embrittlement rate,
3. removing the embrittlement, and
4. demonstrating that plant-specific variables permit greater levels of acceptable

embrittlement.

Category 1 includes, for example, an enhanced surveillance program to obtain more
knowledge of the actual critical material irradiation exposure. This information could be used
to reduce uncertainty in subsequent analyses to predict embrittlement trends. Category 2
involves flux reduction techniques including fuel management, shielding and derating.
Category 3 includes thermal annealing, vessel weld replacement and vessel replacement.
Category 4 includes techniques to demonstrate the benefit of particular plant conditions, i.e.
vessel weld sampling, analytical methods to demonstrate continued RPV integrity under
specified loading conditions.

Thermal annealing, as described in Category 3 above, is one possible means of RPV
embrittlement management that will result in the removal of neutron radiation damage. In
fact, it is the onl_r mitigative measure that restores the mechanical properties of the RPV
materials. Thermal annealing, as applied to a commercial RPV would not be a traditional
"full" anneal. RPV annealing temperatures are expected to range from approximately 315-
480°C (600-900°F). The effectiveness of a thermal annealing treatme_, in recovering material
properties will depend upon the original RPV irradiation temperature, annealing temperature,
annealing time at temperature ("hold" time), original material chemistry and the degree of
embrittlement prior to annealing [2,3]. A limited number of thermal anneals have been
performed, both in Europe [4,5] and by the U.S. for military reactors only [6].

The technical feasibility of annealing commercial U.S. vessels has been studied [3,7]. Based
on these preliminary studies, annealing of U.S. RPVs is technically viable. More recently,
thermal annealing has also been shown to be economically desirable under certain
embrittlement management scenarios [1]. However, only limited detailed material

- performance data and information characterizing the general response of the RPV and
surrounding components to the annealing treatment has been established to support these
preliminary studies. This suggests the need to perform additional confirmatory metallurgical
and material behavior research, develop an appropriate annealing process, and ultimately
demonstrate thermal annealing technology on a commercial U.S. RPV. The U.S. Department
of Energy (USDOE) Plant Lifetime Improvement (PLIM) Program is pursuing the technical

_
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demonstration of annealing commercial U.S. RPVs through a cooperative effort with the
nuclear industry. Activities are presently under way through the USDOE PLIM Program to
perform confirmatory metallurgical and general material behavior research in support of U.S.
nuclear industry efforts to ultimately demonstrate thermal annealing technology on a
commercial U.S. RPV. Specifically, these efforts involve preliminary development of a re-
embrittlement data base for RPV materials following an anneal and providing benchmark data
for the evaluation of analytical models used to characterize and predict RPV response
(thermally induced stresses and strains) during an annealing treatment.

RE-EMBRI'FFLEMENT DATA BASE DEVELOPMENT

One important aspect of a successful annealing demonstration program is the proper
characterization of RPV material properties before and after an anneal. A limited amount of
metallurgical research has been performed regarding the amount of material property recovery'
(Charpy impact and tensile properties) anticipated following an annealing treatment [3].
These studies focused on determining the optimum annealing time and temperature, and the
amount of anticipated property recovery. Little effort has been put forth to investigate the
rate at which RPV materials may rg.e-embrittle following an anneal, i.e., the embrittlement rate
of RPV materials following annealing compared to the rate of embrittlement prior to anneal.
The determination of RPV material re-embrittlement rates is critical if the econoipic viability

of annealing is to be evaluated for U.S. commercial pressure vessels.

Tesi Plan

The USDOE PLIM Program is pursuing initial development of a re-embrittlement data base
through an irradiation-anneal-reirradiation (IAR) project involving typical U.S. RPV materials
(base plate and weld). The plate materials under study include two types, American Society
for Testing and Materials (ASTM) type A 533 Grade B and type A 302 Grade B. These
materials are representative of those used in the fabrication of commercial U.S. RPVs. The
weld being studied is a low Charpy upper-shelf impact energy material fabricated with Linde
80 flux. This particular flux was chosen for weld fabrication of several early vintage U.S.
RPVs because it resulted in very small, finely dispersed nonmetallic inclusions that resulted in
fewer required weld repairs. Unfortunately, the fineness of the inclusions, as a result of the

= Linde 80 flux, led to a relatively low Charpy upper-shelf impact energy. Therefore, this weld
material would be more adversely affected by exposure to neutron radiation. Due to its
sensitivity to neutron irradiation, Linde 80 weld material was included in the project and is
expected to provide bounding information for typical RPV weld materials. The chemistries of
the materials being studied under this project are given in Table 1.

The complete test matrix for the materials included in this study is sl.own in Table 2. The
IAR project consists of two separate sample capsules containing standard Charpy V-notch and
tensile test specimens. Charpy V-notch samples will be used to determine the radiation-
induced changes in the ductile-to-brittle transition temperature and upper-shelf energy.
Tensile samples are included to characterize changes in yield and tensile strengths due to
neutron radiation. Results obtained through the irradiation, annealing, and reirradiation
activities of this study will be compared with previously published testing results regarding
unirradiated material properties of the identical materials [8] to determine the amount of

=.
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Table 1. IAR Test Project Material Chemistries

Plate Material 0.24 0.62 0.25 1.40 0.23 0.59 0.011 0.008 Rem

(A 533B)
,,,

Plate Material 0.24 0.19 0.17 1.28 0.22 0.50 0.022 0.026 Rem
(A 302B)

Weld Material 0.30 1.00 0.08 1.39 0.89 0.50 0.015 0.015 Rem

(Linde 80)
t

material property recovery due to annealing and the re-embrittlement rate during subsequent
reirradiation.

As shown in Table 2, the test plan involves the simultaneous irradiation of the two sample

capsules to a fluence of approximately 3 x 1019 n/cm 2, E > 1 MeV at a target irradiation
temperature of 288°C (550°F). Following initial irradiation, one-half the contents of capsule
A will be removed and tested to obtain as-irradiated data. The remaining samples in Capsule
A will be annealed at 454°C (850°F) for 168 hours (one week) and tested. Results will be

compared with previous mechanical property tests (performed on the same testing equipment)
on unirradiated samples from the same material piece [8] to obtain annealing recovery data.
The second capsule (Capsule B) will be annealed intact with the samples from Capsule A and
reinserted into the test reactor to obtain re-embrittlement data at a single target fluence level
of 1 x 1019 n/cm 2, E > 1 MeV. Initial irradiations are under way on the two capsules and
should be completed in November 1993. The anneal of Capsule B and half the Capsule A
samples will be performed by the end of 1993. Reirradiation of the annealed samples,
mechanical testing and project completion is anticipated by mid-1994.
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Table 2. IAR Project Test Matrix

Capsule A - Part I, Irradiation Only (As-irradiated condition)
Target Fluence - 3 x 1019 n/cm 2, E > 1 MeV
Irradiation Temperature- 288°C (550 °F) , _

Weld (Linde 80) Charpy 9 ......

Plate (A 533B) Charpy 8

Plate (A 302B) Charpy 8

Plate (A 302B) Tensile 2

Total - Capsule A, Part I 27

Capsule A - Part II, Irradiation-Anneal (As-annealed condition)
5 °Annealing Temperature - 454°C (8_0 F), 168 hrs.

Weld (Linde 80) Charpy 9

Plate (A 533B) Charpy 8

Plate (A 302B) Charpy 8

Plate (A 302B) Tensile 2

: Total - Capsule A, Part II 27

. Capsule B - IAR (Re-embrittled condition)
Irradiated, annealed with Capsule A, Part II
Reirradiated target fluence - 1 x l019 n/cre 2, E > 1 MeV

,.

Weld (Linde 80) Charpy 14

Plate (A 533B) Charpy 12

Plate (A 533B) Tensile 2

Plate (A 302B - Surface') Charpy 8 _

Plate (A 302B - Surface') Tensile 2_

Plate (A 302B) Charpy 8

Plate (A 302B) Tensile 2...

Total- Capsule B 48

_ [ Total Samples Tested 102=

" Microstructure characteristic of RPV inside surface, i.e., finer

grain size.
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HEAT TRANSFER BOUNDARY CONDITION EXPERIMENVFS

Accurate prediction of material behavior for the RPV, including the nozzle and flange
regions, via thermal/stress computer models is also an important element of successful
demonstration of thermal annealing technology on U.S. commercial RPVs. Validation and
verification of annealing computer model(s) is an important step in that accurate prediction.

The following sections describe a set of 1-dimensional (l-D) experiments designed to provide
heat transfer boundary condition and RPV material temperature response data to help
benchmark thermal/stress finite-element annealing computer model(s). Heat transfer data
generated can be used to verify the thermal boundary conditions used as model inputs.

The experiments subjected an RPV test specimen to a linear temperature rise from ambient to
454°C (850°F) at two rise rates, namely 14°C/br (25°F) and 28°C/br (50°F/hr). After thermal
equilibrium was reached, the temperature was reduced to ambient at approximately the same
rate as the rise. For redundancy, two tests were performed at each rise rate.

i

Test Setup

A 1.2 m x 1.2 m x 17.1 cm thick (4 ft x 4 ft x 6.75 in) piece of the Phipps Bend RPV
(Boiling Water Reactor) was obtained from the Electric Power Research Institute Non-
Destructive Evaluatioi_ Center. The base material is ASTM A 533 Grade B with a 3,2-

. 4.8 mm (0.13-0.19 in) thick stainless steel (SS) cladding on the concave (inside) surface.

Figure 1 shows a side view of the test setup (not to scale). The RPV test specimen and
heater assembly were mounted on individual supporting frames. The heater assembly

ATrflow upwardsbetweenconcrete

5.1 m_2 r_ og_ion_t'eenconcrete / ,all md RPV,all. Velocity

woll i I between204m/min(670 ft[rain)
1,mm/rain( 24ft/mTn).

Concretewoll to simulote Insulotedenclosure

I_V oovitv 2.1m x 2.1m x 25 m / /
(7 ft x I ft x 10 ln)_- /,,,-,¢¢3/_ 1.9 m (0.75 in)oir gop

3.8 m o(13 in) thick _ C_'_- _
= Heoterelementsin o

insulotlon ,__w_..-- ,_ _ 3 x 3 arroy configurotbn
II If/=

Instrmentotionon f _- 1.2 mx 12 mx 17.1 m

heotedfoce, unheoted _ I _ I- _ ft x 4 ft x 6.75 in)
- ._..,]K/J*--, ick I_ _all sectionfoce, and on concrete

woll __,, / llounting structure

- ,.:::: li il
Figure 1. Side View of 1-Dimensional Heat Transfer Boundary Condition Experiments
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consisted of 9 individual heaters each 0.6 m x 0.6 m (2 ft x 2 ft) square in a 3 x 3 array
configuration. Each heater is capable of 3.1 W/cm 2 (2.7 Btu/ftLsec) heat flux output, and
they are collectively referred to as "infrared panel heaters". This type of heater was chosen
because of its similarity to that used by the former Soviet Union to anneal their RPVs. See
Reference [5] for a description of the Russian heater hardware.

Figure 2 shows a top view of the setup. The curvature is exaggerated but shows that the
heaters were contoured to match the curvature of the RPV wall section. The radius of
curvature of the RPV is 2.8 m (110 in).

Typical "lnfrar_ panel heater"
0.6m xO.6m (,2 ftx 2 ft),._\\

3.1 W/sq cm (2.7 Btu/sq ft-sac) "_ 1.2 mx 1.2 m x 17.1 an

(4 ft x 4 ft x 6.8'_) thick
\ /L533BRPVlall sect.ian,

wlth 3.2-4.8 mm(0.13-(] .19 Tn)

i thTck stainless steel cladding

23 m(110 Tn) red[us

9 heaters total in

3 x ,3 orr_j _// ..(]rrongement

Figure 2. Top View of 1-Dimensional Annealing Thermal Model Benchmarking
Experi_nents

The total heater assembly is 1.8 m (6 ft) square, whereas the test specimen is 1.2 m (4 ft)
square° The overlap ensures heating uniformity on the RPV test specimen and more nearly
simulates 1-D conditions. The 9 total heater panels are controlled by 3 power channels, i.e., 3
heaters controlled per channel. Each set of 3 heater panels oriented horizontally are
connected to a single channel to avoid convective effects on heater control. Automatic,
precise temperature profile control will be achieved with programmable power channels.

Ali edges of the RPV wall section were insulated with a ceramic-fiber type of insulation.
This type of high temperature insulation has very good insulating properties (i.e., very low
thermal conductivity). The top, bottom and sides between the heater assembly and the RPV
test specimen were enclosed with insulation to simulate anticipated in-situ RPV annealing
conditions.

The space between the unheated side of the RPV test specimen and the concrete wall
simulating the reactor cavity was also insulated. Typical U.S. commercial RPVs are insulated

- with 7.6 cm (3 in) of "mirror" insulation made of SS sheets with an aluminum foil filler. The

_
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thermal conductivity of this type of insulation is about twice that of the ceramic-fiber type
insulation described above and is much more expensive. Therefore, approximately 3.8 cm
(1.5 in) of the ceramic-fiber insulation was substituted for the mirror type insulation and
placed between two aluminum sheets that simulate the thermal heat transfer properties of
stainless steel. The insulation was placed 1.9 cm (0.75 in) away from the unheated side of
the RPV wall section.

A concrete wall was placed 5.1 cm (2 in) behind the insulated, unheated side of the RPV test
specimen to simulate the reactor cavity. This wall is solid concrete, 2.1 m x 2.1 m x 25.4 cm
(7 fl x 7 ft x 10 in) thick. For ease of fabrication purposes, the concrete wall did not possess
a curvature matching that of the RPV test specimen, i.e., the concrete wall was flat.
However, based on the size of the RPV test specimen and the overall objectives of this
experiment, a flat wall was assumed a reasonable approximation.

Typical specifications call for maximum air flow of about 736,000 1/rain (26,000 cubic feet
per minute (CFM)) to a minimum of 130,000 1/min (4600 CFM) at 38°C (100°F). Assuming
a 5.1 cm (2 in) gap surrounding a 4.1 m (160 in) diameter RPV, the velocity through the gap
would range from about 1,135 m/rain to 204 rn/min (3724 ft/rain to 670 ft/rain). Fans and
ductwork will be used to simulate upward-directed flow at typical flow rates through the 5.1
cm (2 in) space between the insulation and the concrete wall at the test setup. Air flow will
be measured once per test at the top of the RPV section using a velometer (air flow velocity
meter) located between the insulation and the RPV test specimen.

Instrumentation/Measurements

Figure 3 shows the instrumentation layout on the heated side of the RPV wall. The bulk of
the instrumentation are type K (chromel-alumel) thermocouples (TCs), 1.6 mm (0.13 in)

1.2mx I-2mx 17.1cm I O.6m(2 ftt typicoI
(4 ft x 4 ft x 6.8 in) I
thick RP/_11 section-----.._ _ ! ' .... "_---'--I

i i---..... I
- _ _ I

-1-

0utline of l_ter _ I ' T
I

- elements o++j_ +..j +'" _ Thermoco'oleIoc_ttons:32
........ >'__--_ __ ' onheatedsfde (c_rcles)

- /I o , o !

Iocotio_ (Ix;x=), _ 12.5in)frm boR=|
'_rhel [ameters" ...... |_.___=._._ oce

'11 l [ -_ minted_x__te:3 TCsonbottomrow1

- " 23 m (1 in0.6m o o I belowedgeof weldmoterTo
(2 ft) - i '

I I I
- I I I

..... ,'+ ' I ...... 4-.... J

- Figure 3. Instrumentation Layout, Heated Side of RPV Wall Section
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diameter and inconel sheathed. The TCs used in this study are accurate to + 0.75% of the
reading, which is sufficiently accurate for the purposes of these experiments. Therefore,
calibration was performed only at a single temperature, not throughout the entire temperature
range. Ali thermocouples were within the + 0.75% limits. They were attached to the RPV
test specimen via nichrome strips tack welded to the surface. The TCs were bonded to the
concrete wall with cement.

Three "pyrheliometers" (heat flux gages) will be used to measure heat flux incident on the
heated RPV wall surface. This type of gage is typically used for solar energy applications to
measure radiative heat flux, but were configured to measure total heat flux (radiative +
convective) in these experiments.

As Figure 3 shows, 32 TCs were mounted on the heated surface of the RPV test specimen.
The bulk of the TCs were concentrated in the center where the heat transfer was closest to 1-

dimensional (to minimize "edge" effects). The heat flux gages were mounted to obtain (2-
point) vertical and horizontal profiles of the heat flux. A TC was mounted in near proximity
to each heat flux gage and will be used to estimate the total (convective + radiative) absorbed
flux. Each heat flux gage will be used to measure the total incident flux. Power to each of
the heater elements is recorded to provide a further estimation of the heat flux.

The TC layout on the unheated side was identical to that on the heated side. Heat flux gages
were not mounted on the unheated side. Nine TCs were mounted on the concrete wall to

determine concrete face temperature. The air temperature in the gap between the insulation
and the concrete wall will not be measured.

Temperature Profile Imposed on RPV Wall Section Heated Surface

A maximum temperature rise rate of approximately 14°C/hr (25°F/hr) will be utilized [9].
Assuming an initial ambient temperature of 21°C (70°F) and a maximum experiment
temperature of 454°C (850°F), the AT is 416°C (780°F). At 14°C/hr (25°F/hr), the rise time to
maximum temperature is about 31.2 hrs. Preliminary modelling showed that, at this very
slow rise rate, the temperature gradient through the thickness of the RPV wall section would
be small, less than 5°C (10°F). Therefore, once the maximum temperature of 454°C (850°F)
is reached, the test specimen should be very close to equilibrium, and it will not be necessary
to hold the maximum temperature for a long time (greater than 1 hr). The temperature will
then reduced to ambient at approximately the same rate as the rise, 14°C/hr (25°F/br). The
test time for a typical test will be about 63-64 horns using a 14°C/hr (25°F/br) rise rate. This
profile will be programmed into the power controllers. The power system typically controls
to within ± 3°C (± 5°F) or better.

_ A total of four tests will be performed. The principal test conditions are as follows:
_

• Two tests @ 14°C/hr (25°F/br) rise rate on the heated surface (two for redundancy).
• Two tests @ 28°C/hr (50°F/hr) rise rate on the heated surface (two for redundancy).

-

= The 28°C/hr rise rate was proposed in order to examine a larger through-wall temperature
difference.
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Data Analysis

Table 3 gives an overview of the a) measurements to be made, b) data reduction plan and c)
final output. Details are given below.

The TC measurements will provide a large amount of data to analyze the heat transfer to the
RPV wall section and determine the impact of annealing on the concrete wall. The following
data will be provided:

1. Heated surface temperature vs. time at a maximum of 32 locations (Multiple traces
on a single plot).

2. Unheated surface temperature vs. time at a maximum of 32 locations (Multiple
traces on a single plot).

3. Temperature difference (from heated and unheated side data) through the RPV wall
thickness vs. time at a maximum of 32 locations (Multiple traces on a single plot).

4. Temperature "maps" on the heated face to check for "hot" and "cold" spots at a
maximum of 32 locations and specified times.

5. Temperature at weld location vs. time, to compare with temperature at non-weld
locations vs. time. (3 locations).

6. Concrete surface temperature vs. time at a maximum of 9 locations (Multiple traces
on a single plot).

7. Temperature "maps" on the concrete surface (specific form of output to be
determined).

The TC m_.asurements, in conjunction with a Sandia National Laboratories developed
computer code, "SODDIT" (Sandia One-Dimensional Direct and Inverse Thermal) [10],
will be used to predict the heat flux actually absorbed into the heated surface vs. time (sum of

-- radiative and convective parts). As a result, wherever a TC is located, absorbed heat flux wi!!
be determined. The following heat flux data will be available:

1. Absorbed heat flux vs. time on the heated surface from heated surface TCs
(maximum of 32 locations).

2. Absorbed heat flux vs. time on the heated surface from unheated surface TCs

(maximum of 32 locations).
3. Absorbed heat flux map on the heated surface at specified times from heated surface

TCs (maximum of 32 locations). _
4. Absorbed heat flux map on the heated surface at specified times from unheated

surface TCs (32 locations).
5. Absorbed heat flux on the concrete surface (specific form of output to be

determined).

Considerable rt,dundancy will be maintained during measurements. This is intentional, as it
- allows comparison of data from the heated and unheated sides and provides backup data to

check for anomalies. Under ideal conditions, only the heated side TCs would be used to
-

_

Data from selected locations depending on the results.
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estimate absorbed heat flux on the inside surface of the RPV test specimen. However,
because the heated side TCs are mounted on top of tile surface (rather than flush with the
surface) they will indicate a higher temperature than the actual surface temperature of the
RPV test specimen. This wili ,esult in estimated heat flux values higher than actual.
Comparisons of the absorbed flux estimated from both the heated and unheated side TCs will
be made to determine the "best" values.

Pyrheliometers will be used to measure total incident heat flux to the heated surface. This
allows comparison with the total absorbed heat flux to determine the amount of heater energy
actually absorbed by the RPV wall section. The expected incident flux level for the 14°C
(25°F) rise rate is about 0.24 w/cm 2 (0.21 Btu/ft2-sec). In a completely enclosed setup, such
as this study, virtually ali of the heater energy should be absorbed by the RPV wall.

Output Data for Thermal/Stress Modelling Efforts

1"o achieve the goals of provid;ng boundary condition data for subsequent modeling efforts,
the following information will be provided:

1. Temperature vs. time on the heated surface of the RPV wall section.
2. Temperature map of heated surface at selected times during heat-up and cool-down.
3 Heat flux absorbed into the surface vs. time, including the sum of tile radiative and

convective parts (maximum of 32 locations).
d 4. Incident heat flux on the heated surface vs. time, including the sum of the radiative

and convective parts (3 locations).
5. Other data as required.

The following additional information to be provided will assist in further code benchmarking
efforts"

1. Temperature profiles through the thickness vs. time from measured data (front and
back sides).

2. Temperature profiles through the thickness vs. time from predicted data (SODDIT).
3. Temperature on beltline weld material, compared with that on the base metal.
4. Temperature on the concrete wall behind the RPV wall section.
5. Temperature vs. time on the heated surface of the RPV wall section.
6. Temperature map of heated surface at selected times during the heat up and cool

down.

7. Other data as required.

At time of preparation, experiments at the Sandia National Laboratories Radiant Heat Facility
were under way. Data reduction and analysis will be completed at the conclusion of the
experiments.

CONCLUSIONS

The USDOE PLIM Program, through the individual projects described above, is pursuing its
_ objective of demonstrating the technical feasibility of annealing commercial U.S. RPVs.
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Efforts are under way to (1) begin development of an annealing re-embrittlement data base
and (2) provide benchmark data for the evaluation of analytical models used to characterize
and predict RPV response (thermally induced stresses and strains) during an annealing
treatment. Future efforts may include additional experiments to measure strains induced in

RPV components during an annealing treatment, establishment of the technical basis for RPV
requalification following an anneal, and additional re-embrittlement data base activities to
optimize the amount of material property _covery and re-embrittlement rate of RPV
materials. By working cooperatively with the U.S. nuclear industry, the USDOE is
contributing to the technology and information needed to establish the technical groundwork
for a successful demonstration of annealing technology in the U.S.
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