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REACTOR COQLANT SYSTEM

3/4.4.6 PKESSURE/TEMPERATURE LIMITS

REACTOR COOLANT SYSTEM

LIMITING CONDITION FOR OPERATION _ e

3.4.6.1 The reactor coolant system temperature and reactor vessel pres-
sure shall be limited in accordance with the limit lines shown on (1)
figure 3.4.6.1-1 for heatup by non-nuclear means, cooldown following a
nuclear shutdown and 'ow power PHYSICS TESTS; (2) Figure 3.4.6.1-2 for
operations with a critical core other than low power PHYSICS TESTS; ana
(3) Figure 3.4.6.1-3 for inservice hydrostatic or leak testing, with:

a. A maximum heatup of 100°F in any one hour period, and

b. A maximum cooldown of 100°F in any one hour period.

APPLICABILITY: At all times.
ACTION:

With any of the above limits exceeded, restore the temperature and/or
pressure to within the limits within 30 minutes; perform an engineering
evaluation to determine the effects of the out-of-1imit condition on the
fracture toughness properties of the reactor coolant system: determine
that the reactor coolant system remains acceptable foir continued opera-
tions or be in at least HOT SHUTODOWN within 12 hours and in COLD SHUTDOWN
within the next 24 hours.

SURVEILLANCE REQUIRFMENTS

i e v St . et . St At S et e e i =

4.4.6.1.1 The reactor coolant system temperature and reactor vessel
pressure shall be determined to be within the Timits at least once per

30 minutes during system heatup, cooldown and inservice leak and hydrostatic
testing operations,

4.4.6.1.2 The reactor coolant system temperature and reactor vessel
pressure shall be determined to be to the right of the criticality limit
line of Figure 3.4.6.1-2 within 15 minutes prior to the withdrawal of
contro] rods to bring the reactor to criticality.

4.4.6,1.3 The reactor material irradiation surveillance specimens shall
be removed and examined to determine changes in material properties, as
required by 10 CFR 50, Appendix H. The results of these examinations
shall be used to update Figures 3.4.6.1-1, 3.4.6.1-2 and 3.4.6.1-3.
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REACTOR COOLANT SYSTEM

BASLS e — -
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3/4.4.6 _PRESSURE/TEMPERATURE LIMITS

All components in the reactor coolant system are designed to withstand
the effects of cyclic 1nads due to system temperature and pressure changes,
These cyclic loads are introduced by normal load transients, reactor
trips, and startup and shutdown operations. The various categories of
load cycles used for design purposes are provided in Section 5.7 of the
FSAK, Durin? startup and shutd wn, the rates of temperature and pressure
changes are limited so that the maximum specified heatup and cooldown
rates are consistent with the design assumptions and satisfy the stress
timits for cyclic operation,

During heatup or cooldown, the thermal gradients in the reactor vessel
wall produce thermal stresses. ODuring heatup, the stresses are compressive in
the inner wall and tensile in the outer wall. During cooldown, the opposite
15 the case. Thus, the one quarter of the material thickness (1/4 1) location
is critical during cooldown and the 3/4 T Jocation is critical during heatup,
However, a conservative simplification is made by applying the absolute value
of the thermal stress 3t the 1/4 1 location, where the Reference Temperature.
Nil-ductility temperature (R1,,) is the highest. In this manner, a single
curve s generated for both the heatup and cooldown conditions.

The reactor vessel materials have been tested, and analyses performed to
determine their initial RT,, values. Reactor operation and resultant fast
neutron (E>1 MeV) irradiation will cause an increase in the RT,, values of the
beltline materials, Adjusted reference temperatures, based upon the fluence,
have been predicted using Regulatory Cuide 1.99, Revision 2, and the beltline
material test results, the adjusted reference temperature for the most
Timiting beltline material is plotted versus EFPY of operation in Bases Figure
B 3/4.4.6-1. The pressure/temperature limit curves, shown in Figures
3.4.6.1-1 through 3.4.6.1-3, include predicted adjustments in RT,, for 32 LFPY
of operation. Comparison with the nonbeltline curves shows the nonbel*line
curves are limiting for 32 EFPY of operation,

During inservice hydrostatic or leak testing, figure 3.4.6.1-1 15 used
for nonnuclear heatup until the test temperature is achieved. After the test
temperature is reached, performance of the inservice hydrostatic or leak test
is governed by Figure 3.4.6.1-3, After test completion, vessel cooldown is in
accordance with figure 3.4.6.1-1.
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GASTS FOR LIMITING CONDTTIONS FOR_OPERATION AND SURVETLUANCE REQUIREMENTS

Test pressures for inservice hydrostatic and leak lostin? required
by the ASME EAPY Code, Section X1, are & function of testing tem-
perature and component material. For the Maich 1 reactor pressure
vessel, the 18] hydrostatic test pressure would be approximately 1.)
times operating pressure, or gbout 1106 psig, depending on the reactor
witer temperature. The temperatures for pressures above 440 psig

are determined by the RPV core beltline with a shift in RT,

of 123¢F, sppropriste for operation up to 16 effective fu\T'pOuor
years (EFPY).

Figure 3.6-2 provides appropriate limitations for plant heatup and
cooldown wher, the reactor 15 not critical. Figure 3.6-2 1s also
applicable Lo . w power physics tests. These curves assume heatup
and cooldown rates up Lo 100oF per hour. Temperaturas for pressures
above 300 gsig represent the 1imits of the RPV core beltline with a
shift in RT,, of 123¢F, appropriate for 16 EFPY of operation,

Figura 3.6-3 establishes operating limits when the core is critical.
Figure 3.6-3 is not applicable to low power ghyoics tests., These
1imits include a margin of 40¢F &s required by 10CFRS0 Appendix
G. In accordance with the Nay 1983 revision of 10CFRS0 Appendix G,
core critical operation may be initiated at temperatures at or above
(RT, + 60eF) of the closure rlango region, or 76¢F. Temperatures fo
ressures above 300 psig represent the limits of the RPV core

Itlt:c with a Rl shift of 123¢F, appropriate for 16 CFPY of
operation,

During inservice hydrostatic or leak testing, Figure 3.6-2 is used for
nonnuclear heatup unti) the test temperature 15 achieved. After the
tost temperature 1§ reached, performance of the inservice hydrostatic
or leak test is ?ovornod by Figure 3.6-1. After test completion,
vessel cooldown 18 in accordance with Figure 3.6-2.

The fracture toughness of all ferritic stesls gradually and uni-
formly decreases with exposure to fast neutrens above a threshold
value, and 11 is prudent and conservative t. account for this in

the operation of the RPV, Two types of information are needed in Lhis
analysis: (a) a relationship between the change in fracture toughness
of the RPV stee) and ihe neutron floence (integrated neutron

flux); and (b) a measure of the neutron fluence at the point of
interest in the RPV wall. A method of relating shift in R1,, to
accumulated fast nuetron (>1 MeV) fluence 1s contained in Regulatory
Guide 1,99, Reviston 1. Experimental results of irradiated sur-
vefllance specimens taken from the RM'V show a shift in RT,, greater
than predicted by Regulatory Guide 1.99, so the surveillance results
were used with the methods of 1,99 to establish the RT,., shift.

The shift for 16 EFPY was added to the unirradiated RPV core belt)ine
curves, resulting in the beltline being thz limiting region in the
vessel for higher pressure-temperature conditions,
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3/4.4.6  PRESSURE/TEMPERATURE LIMITS

REACTOR CCOLANT SYSTEM
LIMITING CONDITION FOR OPERATION

3.4.6.1 The reactor coolant system temperature and reactor vesse! pres=
sure shall be 1imited in accordance with the 1imit lines shown on (1)
Figure 3.4.6.1-1 for heatup by non=nuclear means, cooldown following a
nuclear shutdown and low power PHYSICS TESTS; (2) Figure 3.4.6.1-2 for
operations with a critical core other than low power PHYSICS TESTS; and
(3) Figure 3.4.6.1-3 for inservice hydrostatic or leak testing, with:

a. A maximum heatup of 100°F in any one hour period, and

b. A maximum cooldown of 100°F in any one hour period.

APPLICABILITY: At all times.
ACTION:

With any of the above 1imits exceeded, restore the temperature and/or
pressure to within the 1imits within 30 minutes; perform an engineering
evaluation to determine the effects of the out-of=limit condition on the
fracture toughness properties of the reactor coolant system; determine
that the reactor coolant system remains acceptable for continued opera-
tions or be 1n at least HOT SHUTDOWN within 12 hours and in COLD SHUTDOWN
within the next 24 hours.

SURVEILLANCE REQUIREMENTS

4.4.6.1.1 The reactor coolant system temperature and reactor vessel
pressure shall be determined to be within the limits at least once per

30 minutes during system heatup, cooldown and inservice leak and hydrostatic
testing operations.

4.4.6.1.2 The reuctor coolant system temperature and reactor vessel
pressure shall be determined to be to the right of the criticality limit
1ine of Figure 3.4.6.1-2 within 15 minutes prior to the withdrawal of
control rods to bring the reactor to criticality.

—

4.4.6.1.3 The reactor material irradiation surveillance specimens }hlll,u
be removed and examined to determine changes in material properties¥at-

the intervals shown 4n Table 4.4.6.3-3~F The results of these examinations
shall he used to updete Figures 3.4.6.1-1, 3.4.6.1-2 and 3.4.6.1-3.
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REACTOR COOLANT SYSTEM

BASES

3/4 4. ¢
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for finite heatup rate the inner wall of the vesSel 1s treated as
the governin cathans

produte therma!l stress ch vary fronm
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The heatup analysis™a)1so covers the determination of pressure-

e
temperature Iimitations forthe case in which the outer wall of the vesse
becomes the controlling location The thefmal gradients estab)ished
during heatup produce tensile stresses whizh are already present The
therma! induced stresses at the oltep wall of the vesse)l are tensile and
are dependent on both the rate of h€atup and the time along the heatur
ramp, therefore, a lower bound cdrve sYuilar to that described for the
heatup of the inner wall cannpt be defined subsequently, for the cases
In which the outer wall of she vessel becomes the stress controlling
location, each heatup rate” of interest must bd analyzed on an individua)
basis

The reactor yesse) materials have been tested th. determine their
initial RTypy Reactor operation and resultant fast néwutron, E>1 Mev,
irradiation w11 cause an increase in the RTva Thereformg, an adjusted
reference t{emperature, based upon the fluence. can be preditted using
the resuits of the reactor vessel materfals tests and Bases Figure
8 3/4 ¥ 6.] The pressure/temperature limit curve, Figure 3.4 €>{-l,
inclddes predicted adjustments for this shift in RTypy at the end Bf
IO7EFPY, as wel) as adjustments for possible errors in the
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pressure and
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During heatup or cooldown, the therma! gradients in the reactor vesse!
wall produce thermal stresses. Puring heatup, the stresses are compressive
in the inner wall and tensile in the outer wall. During cooldown, the
opposite is the case. Thus, theYi+4-F-location is critical during cooldown
and the 3/4 T location 1s critical guring heatup. However, a conservative
simpiification 15 made by applying the absolute value of the thermal stress
at the 1/4 T location, where th RTusv}‘S the highest. 1In this manner, a
single curve is generated for b h the heatuptand coolﬂoun conditions,

b [ 1COWLL AW ENG

The reactor vesse) materials have been testoJ. and analyses performad
to determine their initial RT,,, values. Reactor operation and resultant
fast neut-on (E>! MeV) irradiation will cause an increase in the RT,,-
values of the beltline materials. Adjusted reference temperatures, baced
upon the fluence, have been predicted using Regulatory Guide 1,99, Revision
2, and the beltline material test results. Tre adjusted reference
temperature for the most 1imiting beltline material Is plotted versus ErPY
of operatfon in Bases Figure B 3/4.4.6-1. The pressure/temperature limit
curves, shown in Figures 3.4.6.1-1 through 3.4.6.1-3, include predicted
adjustments in RT,,, for 32 EFPY of operation. Comparison with the
nonbeltline curves shows the nonbeltline curves are 1imiting for 32 EFPY of
operation.
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BASES FOR LIWITING CONDITIONS FOR OPERATION AND SURVETLUANCE REQUIREMENTS ——

Test pressures for inservice hydrostatic and leak testing required

by the ASME B&PV Code, Section XI, are a function of testing tim-
psrature and -~omponent material For the Hatch 1 reactor pressure
vessel, the IS] hydrostatic test pressure would be approximately 1.)
times operating pressure, or about 1106 psig, Gepending on the reactor
water tempersture. The temperatures for pressures above 440 psig

are determired by the RPV core be'tline with a shift in RTypy

of 123°F, appropriate for operation up to 16 effective full power
years (EFPY)

Figure 3.6-2 provides appropriate limitations for plant heatup and
cooldown when the reactor is not critical. Figure 3.6-2 is also
applicable to low power physics tests. These curves assume heatup

and cooldown rates up to 100°F per hour. Temperatures for pressures above
300 psig represent the 1imits of the RPV core beltiine with a shift

in RTypy of 123°F, appropriate for 16 EFPY of operation.

Figure 2.6-3 establishes operating limits when the core is critical
Figure 3.6-3 1s not applicable to low power physics tests. These

1imits include a margin of 40°F as required by YOCFRS50 Appendix

6. In acrordance with the May 1983 revision of YOCFRSO Appendix 6, core
critical operation may be initiated at temperatures at or above

(RTypy + 60°F) of the closure flange region, or 16°F Tempera-

tures for pressures above 300 psig represent the 1imits of the RPY

core beltiine with a RTypy shift of 123°F, appropriate for 16 EFPY

of operation.

-

The fracture toughness of all ferritic steels gradually and uni-
formly decreases with exposure to fast neutrons above & threshold
value, and 1t 1s prudent and conservative to account for this in

the operation of the RPV. Two types of information are needed in
this analysis: (a) a relationship between the change in fracture tough-
ness of the RPY steel and the neutron fluence (integrated neutron
flux); and (b) a measure of the neutron fluence at the point of
interest in the RPV vall. A method of relating shift in RTypy to
accumu’ated fast nuetron (>1 MeV) fluence 1s contained in Regulatory
Guide 1.99, Revision 1. Experimenta)l results of irradiated sur-
veillance specimens taken from the RPV show a shift in RTypy greater
than predicted by Regulatory Guide 1.99, so the surveillance results
were used with the methods of 1.99 to establish the RTypy shift,

The shift for 16 EFPY was added to the unirradiated RPV core beltline
curves, resulting in the beltline being the limiting region in the
vesse! for higher pressure-temperature conditions.

HATCH - UNIT 1 Amendment No. X¥, A¥, 126
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IMPORTANT NOTICE REGARDING
CONTENTS OF TH1S REPORT
PLEASE REA" CAREFULLY

This report was prepared by General Electric solely for the use of
Georgia Power Company. The information contained in this report is believed
by General Electric to be an accurate and true representation of the facts
known, obtained or provided to General Electric at the time this report was
prepared,

The only undertakings of the General Electric Company respecting
information in this document are contained in the contract between the
customer and General Electric Company, as identified in the purchase order for
this report and nothing contained in this document shall be construed as
changing the contract. The use of this information by anyone other than the
custcmer or for any purpose other than that for which it is intended, is not
authorized; and with respect to any unauthorized use, General Electric Company
makes no representation or warranty, and assumes no liability as to the
completeness, accuracy, or usefulness of the information contained in this

document .
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ABSTRACT

Surveillance capsules were removed from the Hatch Unit 2 reactor at
the end of Fuel Cycle 8 The capsule contained flux wires for neutron
fluence measurement and Charpy and tensile test specimens for material
property evaluation. A combination of flux wire testing and computer
analysis was used to establish the vessel peak flux location and magnitude.
Charpy V-Notch impact testing and uniaxial tensile testing were performed
to establish the properties of the irradiated surveillance materials. The
irradiation effects were projected, based on Regulatory Guide 1.99,
Revision 2, to conditions for 32 effective full power years (EFPY) of
operation., The 32 EFPY conditions are predicted to be less severe than the
limits in 10CFR50 Appendix G requiring provisions for vessel therma’
annealing., Pressure-temperature operating limits curves valid to 32 EFPY
were developed to 10CFR50 Appendix G requirements, accounting for
irradiation shift per Regulatory Guide 1.99, Revision 2.

The irradiated Charpy data for the Unit 2 plate and weld specimens
were compared to unirradiated data to determine the shift in Charpy curves
due to irradiation. The results are within the predictions of the

Regulatory Guide.
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1. INTRODUCTION

Part of the effort to assure reactor vessel integrity involvces
evaluation of the fracture toughness of the vessel ferritic materials. The
key values which characterize a material's fracture toughness are the
reference temperature of nil-ductility transition (RTypr) and the upper
shelf energy (USE). These are defined in 10CFR50 Appendix G (Reference 1)
and in Appendix G of the ASME Boiler and Pressure Vessel Code, Section XI
(Reference 2). These documents contain requirements used to establish the
pressure-temperature operating limits which must be met to avoid brittle
fracture.

Appendix H of 10CFR50 (Reference 3) and ASTM E185 (Refereunce 4)
establish the methods to be used for surveillance of the reactor vessel
materials. The first vessel surveillance specimen capsule required by
Reference 3 were removed from Unit 2 in late 1989. The capsule was sent to
the GE Vallecitos Nuclear Center (VNC) for testing after exposure to eight
fuel cycles of irradiation. The surveillance capsule contained flux wires
for neutron flux monitoring and Charpy V-Notch impact test specimens and
uniaxial tensile test specimens fabricated from materials from, or
representative of, the vessel materials nearest the core (beltline). The
impact and tensile specimens were tested to establish properties for the

irradiated materials.

The results of the surveillance specimen testing are presented in this
report. The irradiated material properties are compared to available
unirradiated properties from fabrication records. Predictions of the RTypr
and USE at 32 EFPY are made for comparison with allowable values in
Reference 1. Predictions of 32 EFPY properties were made based on
Regulatory Cuide 1.99, Revision 2 (Reference 5).

1-1



Operating limits curves for the Unit 2 reactor vessel are presented in

this report, The curves account for current requirements of References 1
and 2. Geometric discontinuities and highly stiessed regions, such as the
feedwater nozzles and the closure flanges, are evaluated sepavately from
the core beltline region. The operating limits developed consider the most
limiting conditions of the discontinuity regions and the beltline region,
80 as to bound all operating conditions. The operating limits developed
fur the beltline region include {rradiation shift, based on Reference 5

methods .
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2, SUMMARY AND CONCLUSIONS

2.1 SUMMARY OF RESULTS

Surveillance capsule 3 was removed from Hatch Unit 2 at the end of

Fuel Cycle 8 and shipped to VNC. The flux wires, Chacrpy V-Notch and
tensile test specimens removed from the capsule were tested according to
ASTM E185-82 (Reference 4). Revised operating limits curves were developed
using the flux wire test results and the requirements and methods of
- '50 Appendix G (Reference 1) and Appendix G of ASME Code Section XI
(Re_.erence 2). The methods and results of the fracture toughness

evaluation are presented in this raeport as ilollows:

a, Section 3: Surveillance Program Background

k. Section 4: Peak RPV Fluence Evalua.ion

18 Section 5: Charpy V-Notch Impact Testing

d. Section 6: Tensile Testing

e. Section 7. Development of Operating Limits Curves

Photographs of fractured Charpy specimens are in Appendix A. The

significant results of the evaluation are below:

a. Capsule 3 was removed from the 30° azimuth position of the
reactor. The capsule contained 9 flux wires: 3 copper (Cu),
2 iron (Fe), and 3 nickel (Ni). Therc were 36 Charpy V-Notch
specimens in the capsule: 12 each of plate material, weld
material and heat affected zone (HAZ) material. The 10 tensile
specimens removed consisted of 3 plate, 4 weld and 3 HAZ metal

specimens.



The chemical compositions of the beltline materials were

determined from data obtained from GE QA records or from
Combustion Engineering. The copper (Cu) and nickel (Ni) contents
were determined for all heats of plate material. The values for
the limiting beltline plate are 0.08% Cu and 0.58% Ni. The Ni
content of the beltline longitudinal welus was not recorded, so
the maximum possible NI content from the weld type specification
was assumed. The limiting beltline weld values are 0.23% Cu and
0.50% Ni.

Charpy and dropweight test results from the fabrication program
ma*~rials certification testing were adjusted to be equivalent to
test results done to current standards. The initial RTypr values
for locations of interest in the vessel were determined., They
are -4°F for the limiting beltline plate, -50°F for the limiting
beltline weld, 30°F for the closure flange region, 26°F for the
limiting nozzle and 50°F for the bottom head region.

The flux wi .s were tested to determine the neutron flux at the
surveillance capsule location. The fast flux (>1.0 MeV) measured
was 1.12x10% n/cm?-sec. Based on the flux wire data, the
surveillance specimens received a best estimate fluence of

2.3x1017 n/cm2 at removal .

The vessel inside surface lead factors were established using an
analysis performed for Hatch Unit 1 that combined two-dimensional
and one-dimensional finite difference transport analysis. The
flux peak occurs at an azimuthal location 45° past the vessel
quadrant references, and about 10¢ inches above the bottom of
active fuel elevation. The lead factor for the surveillance

capsules is 0.79 to the peak vessel inside surface location.

2-2
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The maximum accumulated neutron fluence at 32 EFPY was determined
at the peak 1/4 T location, using the flux wire test results, the
lead factor and the methods of Reference 5. The maxiwum 1/4 T
vessel 32 EFPY fluence is 1.0x10l8 n/cu2 for the lower
intermediate shell (5.38 inches thick) and 9. 5%x1017 n/cm2 for the
lower shell (6,38 inches thick).

The «irveillance Charpy V-Notch specimens were impact tested at
temperatures selected to define the transition of the fracture
toughness curves of the plate, weld, and HAZ materials.
Measurements were taken of absorbed energy, lateral expansion and
percentage shear. Fracture surface photographs of each specimen
are presented in Appendix A. From absorbed energy and lateral
expansion results for the plate and weld materials the following
values were calculated: index temperatures for 30 fet-1b,
50 ft-1b, and 35-mil lateral expansion (MLE) values and USE,

The curves of irvadiated specimen Charpy impact energy and
lateral expansion were compared to data for unirradiated
specimens retrieved from the site to establish the 30 ft-1b index
temperature irradiation shift and decrease In USE. The
survelllance plate material showed an estimated 3°F shift and a
0% decrease in USE. The weld material showed a 0°F shift and a
-1% decrease In USE,

The irradiated tensile specimens were tested at room temperature
(70°F), reactor operating temperature (550°F), and estimated
onset to upper shelf temperature (120°F), The results tabulated
for each specim:n include yield and ultimate tensile strength,

uniform and total elongation, and reduction of area,

The irradiated plate and weld tensile test results for Unit 2
were compared to unirradiated data from the vessel fabrication
test progr.m records, The results generally showed increasing
strength and decreasing ductility, consistent with expectations

for irradiation embrittlement.

2-3
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As a part of the development of the pressure-temperature (P-T)
opervating limits curves, the irradiation shifts ‘n RTypr were
ptedicted, based on the methods of Regulatory Guide 1.99,
Revision 2 (Reference 5). For information purposes, the measured
surveillance shifts were compared to the shifts predicted by
Reference 5. The measured shifts of 3°F for plate and 0°F for
weld, for a fluence of 2. 3x1017 n/em?, are less than the
respective predicted shift values of 9.6°F and 12 9°F,

The beltline material USE values at 32 EFPY were predicted using
the methods in Reference 5, with initial beltline plate and weld
USE values taken from fabrication records. The lowest beltline
transverse plate and weld USE values were predicted to be
61 ft-1b and 72 ft-1b, respectively, at 32 EFPY.

P-T curves were developed for three reactor conditions:
hydrostatic pressure test (Curve A), non-nuclear heatup and
covldown (Curve B), and core critical operation (Curve C). The
surves are valid up to 32 EFPY of operation. The limiting
regions of the vessel affecting the curves’ shapes are the
nozzle, bottom hesd and closure flange regions. The bolt preload
and minimum permissible operating temperatures w