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1. INTRODUCTION

A limiting condition on reacior vessel integrity known as pressurized thermal
shock (PTS) may occur during a severe system transient such as a
loss-of-coolant-accident (LOCA) or a steam line break. Such transients may
challenge the integrity of a reactor vessel under the following conditions:

- severe gvercooling of the inside surface of the vessel wall followed
by high repressurization;

- significant degradation of vessel material toughness caused by
radiation embritti«ment; and

- the presence of a critical-size defect in the vessel wall.

Fracture mechanics analysis can be used to evaluate reactor vessel integrity
under severe transient conditions.

In 1985 the Nuclear Regulatory Commission (NRC) issued a formal ruling on
pressurized thermal shock. It established screening criterion on pressurized
water reactor (PWR) vessel embrittiement as measured by the nil-ductility
reference temperature, termed RTpIs[l]. RTprg screening values were set

for beltline axial welds, forgings and plates and for beltline circumferential
weld seams for end-of-1ife plant operation. The screening criteria were
determined using conservative fracture mechanics analysis techniques. A1l PWR
vessels in the United States have been required to evaluate vessel
embrittlement in accordance with these criteria through end-of-1ife. The
Nuclear Regulatory Commission has amended its regulations for 1ight water
nuclear power plants to change the procedure for calculating radiation
embrittlement. The revised PTS Rule was published in the Federal Repister, May
15, 1991 with an effective date of June 14, 199102].  This amendment makes

the procedure for calculating RTpyg values consistent with the methods given
in Regulatory Guide 1.99, Revision 2(3]



The purpose of this report is to determine the RTpyq values for the South

Texas Unit | reactor vessel and address the revised Pressurized Thermal Shock
(PTS) Rule, Section 2 discusses the Rule and its requirements. Section 3
provides the methodology for calculating RTpyg. Section 4 provides the

reactor vessel heltline region material properties for the South Texas Unit |
reactor vessei. The neutron fluence values used in this analysis are presented
in Section 5. The results of the RTpyg calculations are presented in Section
6. The conclusions and references for the PTS evaluation follow in Sections 7
and 8, respectively.

2. PRESSURIZED THERMAL SHOCK

The P1S Rule requires that the PTS submitta! be updated whenever there are
changes in core loadings, surveillance measurements or other information that
indicates a significant change in projected values,

The Rule outlines regulations to address the potential for PTS events on
pressurized water reactor (PWR) vessels in nuclear power plants that are
operated with a license from the United States Nuclear Regulatory Commission
(USNRC). PTS events have been shown from operating experience to be transients
that result in a rapid and severe cooldown in the primary system coincident
with 2 high or increasing primary system pressure. The PTS concern arises if
one of these transients acts on the beltline region of a reactor vessel where a
reduced fracture resistance exists because of neutron irradiation. Such an
event may produce the propagation of flaws postulated to exist near the inner
wall surface, thereby potentially affecting the integrity of the vessel.

The Rule establishes the following requirements for all domestic, operating
PWRS

* A11 plants must submit projected values of RTprg for reactor
vessel beltline materials by giving values for time of
submittal, the expiration date of the operating license, and the
projected expiration date if a change in the operating license
or renewal has been requested. This assessment must be
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submitted within six months after the effective date of this
Rule if the value of RTpyg for any material is projected to
exceed the screening criteria. Otherwise, it must be submitted
with the next update of the pressure-temperature 1imits, or the
next reactor vessel surveillance capsule report, or within §
years from the effective date of this Rule change, whichever
comes first. These values must be calculated based on the
methodology specified in this rule. The submittal must include
the following:

1) the bases for the projection (including any assumptions
regarding core loading patterns),

2) copper and nickel content and fluence values used in the
calculations for each beltline material. (If these values
differ from those previously submitted to the NRC,
Justification must be provided.)

The RTprg (measure of fracture resistance) Screening Criteria
for the reactor vessel beltline region are

270°F for plates, forgings, axial welds; and,
300*F for circumferential weld materials,

The following equations must be used to calculate the RTpyg
values for each weld, plate or forging in the reactor vessel
beltline:

fquation 1: mPTS =] + M+ LRTst

Equation 2: ARTpyg = (CF)f(0.28-0.10 log f)

A1l values of RTpyg must be verified to be bounding values for
the specific reactor vessel. In doing this each plant should
consider plant-specific information that could affect the level
of embrittlement.
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4. VERIFICATION OF PLANT-SPECIFIC MATERIAL PKOPERTIES

Before performing the pressurized thermal shock evaluation, a review of the
latest plant-specific material properties was performed.

The beltline region is defincd by the PTS Rulel2] to be "the region of the
reactor vessel (shel)l material including welds, heat affected zones and plates
or forgings) that directly surrounds t. effective height of the active core
and adjacent regions of the reactor vesse, that are predictec to experience
sufficient neutron irradiation damage to be considered in the selection of the
most limiting material with regard to radiation damage." Figure ! identifies

and incicates the location of beltline region materials for the South Texas
Unit 1 reactor vessel.

Material property values were derived from vessel fabrication material
certifications[5). Fast neutron irradiation-induced changes in the tension,
fracture and impact properties of reactor vessel materials are largely
dependent on chemical composition, particularly in the copper concentration,
The variability in irradiation-induced property changes, which exists in

general, is compounded by the variability of copper concent-ation within *he
weldments.

A sumaary of the pertinent chemical and mechanical properties of the beltline
region plate and weld materials of the South Texas Unit 1 reactor vessel ¢

given in Table 1 [5]. The initial RTyny values (I-RTNDT) are also presentec
in Table 1.
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Figure 1. Ildentification and Location of Beltline Region
Material for the South Texas Unit 1 Reacier vessel






TABLE 2

NEUTRON EXPOSURE PROJECTIONS AT KEY LOCATIONS ON
THE REACTOR VESSEL CLAD/BASE METAL INTERFACE

(E > 1.9 MeV)

Materia) EFPY [n/cm®)
Intermediate Shell 2.5 2.27 x 10}5
Basemeta) 32 2.90 x 101’

48 4.35 x 10
Intermediate Shell 2.5 1.33 x 1o}g
Long. Weld 32 1.71 & lO19
At 0* Azimuth 40 2.56 x 10
Intermediate Shell 2.5 1.4 ¥ loig
Long. Weld 32 1.95 & 1019
At 120° Azimuth 48 2.92 x 10
Intermediate Shel) 2.5 1.39 x 10}3
Long. Weld 32 1.79 x 10 9
At 240° Azimuth 48 2.68 » 10!
Intermediate/Lower 2.5 2.27 x 1018
Shell Circ. Weld 32 2.90 x 1019

48 4.35 x 1019
Lower Shell 2.5 2.84 x 1018
Basemetal 32 3.54 x lO19

48 5.31 x 1019
Lower Shell 2.5 1.35 x 1018
Long. Weld 32 1.71 x 10}¢
At 90° Azimuth a8 2.56 x 1019
Lower Shell Weld 2.5 2.8) % 10la
At 210° and 32 2.78 x 1019
330°* Azimuths 48 4.17 x 1019









: CONCLUSIONS

As shown in Table 3, the RTpyg values remain below the NRC screening values for
PTS using the projected fluence values for both the end-of-1ife (32 EFPY) and 48
EFPY. A plot of the RTpyg values versus the fluence are shown in Figure 2 for the
most limiting material, the intermediate shell plate, Ri606-3, in the South Texas
Unit 1 reactor vesse)l beltline region.
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Figure 2. RTpyg versus Fluence Curves for South Texas Unit 1
Limiting Material - Intermediate Shell Plate, R1606-3.
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