
4 PRIMARY SYSTEM BO ARY

LIMITING CONDITIONS FOR OPERATION SURVEILLANCE REQUIREMENTS

3.6.A. Therma and Pressur zation
Limitations

4.6.A. Thermal and Pressurization
Limitations

The beltline region of
reactor vessel temperatures
during inservice hydrostatic
or leak testing shall be at
or above the temperatures
shown on curve 81 of Figure
3.6-1. The applicability of
this curve to these tests is
extended to nonnuclear
heatup and ambient loss
cooldown associated with
these tests only if the
heatup and cooldown rates
do not exceed 15'F per
hour.

4. DELETED

5. The reactor vessel head
bolting studs may be partially
tensioned (four sequences of
the seating pass) provided
the studs and flange materials
are above 70'F. Before
loading the flanges any more,
the vessel flange and head
flange must be greater than
100'F, and must remain above
100'F while under full tension.

5. When the reactor vessel head
bolting studs are tensioned
and the reactor is in a cold
condition, the reactor vessel
shell temperature immediately
below the head flange shall be
permanently recorded.
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3.6/4.6 BASES

3.6.A/4.6.A Thermal and Pressurization Limitations

The reactor vessel has been analyzed for cyclic stresses caused by the
temperature and pressure transients that arise from reactor trips, normal
startup and shutdown, etc. The analysis assumed a maximum uniform heatup
and cooldown rate of 100 F per hour for normal startup and shutdown and
demonstrated that normal startup and shutdown cycles are within the
required stress limits of Section III of the ASME Boiler and Pressure
Vessel Code (1965 Edition including Summer 1966 addenda).

The operating limit curves for the reactor vessel (see Figure 3.6-1) were
established in accordance with the requirements of 10CFR50 Appendix G and
Appendix G of the Summer 1972 Addenda to Section III of the ASME Boiler
and Pressure Vessel Code, 1971 Edition. The curves are based on a large
postulated surface flaw, with a depth one-quarter of the vessel
thickness, the referenced toughness, RTNDT, and the stress intensity
factors for the reactor vessel components.

The fracture toughness of ferritic steels decreases with exposure to fast
neutrons (E > 1 MeV) and therefore, initial values of RTNDT have been
adjusted to account for radiation embrittlement in the beltline region of
the reactor vessel where neutron fluences are greater than 1017
n/cm2. An adjusted reference temperature based on neutron fluence,
copper content, nickel content, and initial RTNDT for the controlling
material was established using the methodology of Regulatory Guide 1.99,
Revision 2, "Radiation Embrittlement of Reactor Vessel Materials." The
pressure-temperature limit curve, Figure 3.6-1, Curves 1, 2, and 3,
includes a shift in RTNDT caused by the fluence corresponding to 12
effective full power years (EFPY) of operation.

Radiation embrittlement of the reactor vessel materials will be monitored
periodically during operation by removing and evaluating, irradiation
flux wires and Charpy impact specimens contained in capsules installed
near the inside wall of the reactor vessel in the core region. After the
first refueling outage, flux wires were removed and evaluated. The data
were used to verify calculated neutron fluence and to predict cumulative
neutron fluence after 12 EFPY. Capsules that are withdrawn in the future
will contain flux wires and Charpy impact specimens. Data derived from
these specimens will be used as input to future radiation embrittlement
evaluations that will account for neutron fluences above those
corresponding to 12 EFPY.
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3.6/4.6 BASES

3.6.A/4.6.A (Cont'd)

TVA letter dated May 15, 1987, proposed to withdraw the first set of
reactor surveillance specimens from each reactor vessel at the end of each
unit's cycle which most closely approximates 8.0 EFPY of operation. The
reasoning was the development of an integrated surveillance program
related to estimated fluence obtained from reactor vessel specimens prior
to 8.0 EFPY would be premature because it would be based only on
extrapolations of limited dosimetry measurements taken from unit 1 during
the first cycle of operation. Dosimetry measurements for 8.0 EFPY would
be more credible than cycle 1 dosimetry data. NRC letter dated
December 2, 1988, stated that BFN could withdraw the first reactor vessel
specimen from each reactor vessel at the end of each unit's cycle of
operation that most closely approximates 8.0 EFPY of operation. After
withdrawal of each unit's first sample, the remaining specimens will be
withdrawn every 6.0 EFPY thereafter.

As described in paragraph 4.2.5 of the Safety Analysis Report, detailed
stress analyses have been made on the reactor vessel for both steady-state
and transient conditions with respect to material fatigue. The results of
these analyses are compared to allowable stress limits. Requiring the
coolant temperature in an idle recirculation loop to be within 50 F of the
operating loop temperature before a recirculation pump is started assures
that the changes in coolant temperature at the. reactor vessel nozzles and
bottom head region are acceptable.

The coolant in the bottom of the vessel is at a lower temperature than
that in the upper regions of the vessel when there is no recirculation
flow. This colder water is forced up when recirculation pumps are
started. This will not result in stresses which exceed ASME Boiler and
Pressure Vessel Code, Section III limits when the temperature differential
is not greater than 145'F.

The requirements for full tension boltup of the reactor vessel closure are
based on the NDT temperature plus 60'F. This is derived from the
requirements of the ASME code to which the vessel was built. The NDT
temperature of the closure flanges, adjacent head, and shell material is a
maximum of 40'F and a maximum of 10'F for the stud material. Therefore,
the minimum temperature for full tension boltup is 40'F plus 60 F for a
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1200 2 3 Figure 3.6.-1
(BFN Unit 1)
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Appendix 8, Par. IVX.3
which became effective
July 26, 1983.
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Notes
These curves include
sufficient margin to
provide protection
against feedwater nozzle
degradation. The curves
allow for shifts in RT>D>
of the Reactor vessel
beltllne materials. In
accordance with Reg.
Guide 1.99 Rev. 2, to
compensate for radiation
embrittlement for 12 EFPY.
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PRIMAR SYSTEM BO ARY

LIMITING CONDITIONS FOR OPERATION SURVEILLANCE REQUIREMENTS

3.6.A. Thermal and Pressurization
Limitations Cont'd

4.6.A. Thermal and Pressurization
Limitations Cont'd

The beltline region of
reactor vessel temperatures
during inservice hydrostatic
or leak testing shall be at or
above the temperatures shown
on curve $/1 of Figure 3.6-1.
The applicability of this
curve to these tests is
extended to nonnuclear
heatup and ambient loss
cooldown associated with
these tests only if the
heatup and cooldown rates
do not exceed 15'F per
hour.

4. DELETED

5. The reactor vessel head
bolting studs may be partially
tensioned (four sequences of
the seating pass) provided
the studs and flange materials
are above 70'F. Before
loading the flanges any more,
the vessel flange and head
flange must be greater than
100'F, and must remain above
100'F while under full tension.

5. When the reactor vessel head
bolting studs are tensioned
and the reactor is in a cold
condition, the reactor vessel
shell temperature immediately
below the head flange shall be
permanently recorded.
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3.6/4.6 BASES

3.6.A/4.6.A Thermal and Pressurization Limitations

The reactor vessel has been analyzed for cyclic stresses caused by the
temperature and pressure transients that arise from reactor trips, normal
startup and shutdown, etc. The analysis assumed a maximum uniform heatup
and cooldown rate of 100'F per hour for normal startup and shutdown and
demonstrated that normal startup and shutdown cycles are within the
required stress limits of Section III of the ASME Boiler and Pressure
Vessel Code (1965 Edition including Summer 1966 addenda).

The operating limit curves for the reactor vessel (see Figure 3.6-1) were
established in accordance with the requirements of 10CFR50 Appendix G and
Appendix G of the Summer 1972 Addenda to Section III of the ASME Boiler
and Pressure Vessel Code, 1971 Edition. The curves are based on a large
postulated surface flaw, with a depth one-quarter of the vessel
thickness, the referenced toughness, RTNDT, and the stress intensity
factors for the reactor vessel components.

The fracture toughness of ferritic steels decreases with exposure to fast
neutrons (E > 1 MeV) and therefore, initial values of RTNDT have been
adjusted to account for radiation embrittlement in the beltline region of
the reactor vessel where neutron fluences are greater than 1017
n/cm2. An adjusted reference temperature based on neutron fluence,
copper content, nickel content, and initial RTNDT for the controlling
material was established using the methodology of Regulatory Guide 1.99,
Revision 2, "Radiation Embrittlement of Reactor. Vessel Materials." The
pressure-temperature limit curve, Figure 3.6-1, Curves 1, 2, and 3,
includes a shift in RTNDT caused by the fluence corresponding to 12
effective full power years (EFPY) of operation.

Radiation embrittlement of the reactor vessel materials will be monitored
periodically during operation by removing and evaluating, irradiation
flux wires and Charpy impact specimens contained in capsules installed
near the inside wall of the reactor vessel in the core region. After the
first refueling outage, flux wires were removed and evaluated. The data
were used to verify calculated neutron fluence and to predict cumulative
neutron fluence after 12 EFPY. Capsules that are withdrawn in the future
will contain flux wires and Charpy impact specimens. Data derived from
these specimens will be used as input to future radiation embrittlement
evaluations that will account for neutron fluences above those
corresponding to 12 EFPY.
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3.6/4.6 BASES

3.6.A/4.6.A (Cont'd)

TVA letter dated May 15, 1987, proposed to withdraw the first set of
reactor surveillance specimens from each reactor vessel at the end of
each unit's cycle which most closely approximates 8.0 EFPY of operation.
The reasoning was the development of an integrated surveillance program
related to estimated fluence at this time would be premature because it
would be based only on extrapolations of limited dosimetry measurements
taken from unit 1 during the first cycle. Dosimetry measurements for
8.0 EFPY would be more credible than cycle 1 dosimetry data. NRC letter
dated December 2, 1988, agreed and stated that BFN could withdraw the
first specimen from each reactor vessel at the end of each unit's cycle
of operation most closely approximates 8.0 EFPY of operation. After
withdrawal of each unit's first sample, the remaining specimens will be
withdrawn every 6.0 EFPY thereafter.

As described in paragraph 4.2.5 of the Safety Analysis Report, detailed
stress analyses have been made on the reactor vessel for both
steady-state and transient conditions with respect to material fatigue.
The results of these analyses are compared to allowable stress limits.
Requiring the coolant temperature in an idle recirculation loop to be
within 50'F of the operating loop temperature before a recirculation pump
is started assures that the changes in coolant temperature at the reactor
vessel nozzles and bottom head region are acceptable.

The coolant in the bottom of the vessel is at a lower temperature than
that in the upper regions of the vessel when there is no recirculation
flow. This colder water is forced up when recirculation pumps are
started. This will not result in stresses which exceed ASME Boiler and
Pressure Vessel Code, Section III limits when the temperature
differential is not greater than 145 F.

The requirements for full tension boltup of the reactor vessel closure
are based on the NDT temperature plus 60 F. This is derived from the
requirements of the ASME code to which the vessel was built. The NDT
temperature of the closure flanges, adjacent head, and shell material is
a maximum of 40'F and a maximum of 10'F for the stud material.
Therefore, the minimum temperature for full tension boltup is 40'F plus
60 F for a total of 100 F. The partial boltup is restricted to the full
loading of
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1200 1 2 3 Rgure 3.6.-1
(BFN Units 2 and 3)
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4 PRIMARY SYSTEM BO ARY

LIMITING CONDITIONS FOR OPERATION SURVEILLANCE REQUIREMENTS

3.6.A. Therma and Pressurization 4.6.A. Thermal and Pressurization
Limitations

The beltline region of
reactor vessel temperatures
during inservice hydrostatic
or leak testing shall be at
or above the temperatures
shown on Curve 81 of Figure
3.6-1. The applicability of
this curve to these tests is
extended to nonnuclear
heatup and ambient loss
cooldown associated with
these tests only if the
heatup and cooldown rates
do not exceed 15'F per
hour.

4. DELETED

5. The reactor vessel head
bolting studs may be partially
tensioned (four sequences of
the seating pass) provided
the studs and flange materials
are above 70'F. Before
loading the flanges any more,
the vessel flange and head
flange must be greater than
100'F, and must remain above
100'F while under full tension.

5. When the reactor vessel head
bolting studs are tensioned
and the reactor is in a Cold
Condition, the reactor vessel
shell temperature immediately
below the head flange shall be
permanently recorded.
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3.6/4.6 BASES

3.6.A/4.6.A Thermal and Pressurization Limitations

The reactor vessel has been analyzed for cyclic stresses caused by the
temperature and pressure transients that arise from reactor trips, normal
startup and shutdown, etc. The analysis assumed a maximum uniform heatup
and cooldown rate of 100'F per hour for normal startup and shutdown and
demonstrated that normal startup and shutdown cycles are within the
required stress limits of Section III of the ASME Boiler and Pressure
Vessel Code (1965 Edition including Summer 1966 addenda).

The operating limit curves for the reactor vessel (see Figure 3.6-1) were
established in accordance with the requirements of 10CFR50 Appendix G and
Appendix G of the Summer 1972 Addenda to Section III of the ASME Boiler
and Pressure Vessel Code, 1971 Edition. The curves are based on a large
postulated surface flaw, with a depth one-quarter of the vessel
thickness, the referenced toughness, RTNDT, and the stress intensity
factors for the reactor vessel components.

The fracture toughness of ferritic steels decreases with exposure to fast
neutrons (E > 1 MeV) and therefore, initial values of RTNDT have been
adjusted to account for radiation embrittlement in the beltline region of
the reactor vessel where neutron fluences are greater than 1017
n/cm2. An adjusted reference temperature based on neutron fluence,
copper content, nickel content, and initial RTNDT for the controlling
material was established using the methodology of Regulatory Guide 1.99,
Revision 2, "Radiation Embrittlement of Reactor Vessel Materials." The
pressure-temperature limit curve, Figure 3.6-1, Curves 1, 2, and 3,
includes a shift in RTNDT caused by the fluence corresponding to 12
effective full power years (EFPY) of operation.

Radiation embrittlement of the reactor vessel materials will be monitored
periodically during operation by removing and evaluating, irradiation
flux wires and Charpy impact specimens contained in capsules installed
near the inside wall of the reactor vessel in the core region. After the
first refueling outage, flux wires were removed and evaluated. The data
were used to verify calculated neutron fluence and to predict cumulative
neutron fluence after 12 EFPY. Capsules that are withdrawn in the future
will contain flux wires and Charpy impact specimens. Data derived from
these specimens will be used as input to future radiation embrittlement
evaluations that will account for neutron fluences above those
corresponding to 12 EFPY.
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3.6/4.6 BASES

3.6.A/4.6.A (Cont'd)

TVA letter dated May 15, 1987, proposed to withdraw the first set of
reactor surveillance specimens from each reactor vessel at the end of each
unit's cycle which most closely approximates 8.0 EFPY of operation. The
reasoning was the development of an integrated surveillance program related
to estimated fluence at this time would be premature because it would be
based only on extrapolations of limited dosimetry measurements taken from
unit 1 during the first cycle. Dosimetry measurements for 8.0 EFPY would
be more credible than cycle 1 dosimetry data. NRC letter dated December 2,
1988, agreed and stated that BFN could withdraw the first specimen from
each reactor vessel at the end of each unit's cycle of operation most
closely approximates 8.0 EFPY of operation. After withdrawal of each
unit's first sample, the remaining specimens will be withdrawn every 6.0
EFPY thereafter.

As described in paragraph 4.2.5 of the Safety Analysis Report, detailed
stress analyses have been made on the reactor vessel for both steady-state
and transient conditions with respect to material fatigue. The results of
these analyses are compared to allowable stress limits. Requiring the
coolant temperature in an idle recirculation loop to be within 50 F of the
operating loop temperature before a recirculation pump is started assures
that the changes in coolant temperature at the reactor vessel nozzles and
bottom head region are acceptable.

The coolant in the bottom of the vessel is at a lower temperature than that
in the upper regions of the vessel when there is no recirculation flow.
This colder water is forced up when recirculation pumps are started. This
will not result in stresses which exceed ASME Boiler and Pressure Vessel
Code, Section III limits when the temperature differential is not greater
than 145'F.

The requirements for full tension boltup of the reactor vessel closure are
based on the NDT temperature plus 60'F. This is derived from the
requirements of the ASME code to which the vessel was built. The NDT
temperature of the closure flanges, adjacent head, and shell material is a
maximum of 40'F and a maximum of 10 F for the stud material. Therefore,
the minimum temperature for full tension boltup is 40'F plus 60'F for a
total of 100 F. The partial boltup is restricted to the full loading of

BFN
Unit 3

3.6/4.6-27



IIIsslII'lI
IIIII sl

srrlrlr~rr

IIIIIIIII

f55 g

I assaas
IIIIIIIII

IB
rgr

I IIII I s'l'
Is IIIIIIIII!s. i

,I,)sis g,j
Il I Is II))I~IF I I

(r

l ll
IllIl
rg 5 8Ia aIl

jhlli
I I,II
I II

rr
N

~ ~ ~ ~ ~ ~

~ ~ a ~

~ ~

I ~ ~

I II



ENCLOSURE 2

DESCRIPTION AND JUSTIFICATION
BROWHS FERRY NUCLEAR PLANT (BFN)

REASON FOR CHA GE

BFN Units 1, 2, and 3 Technical Specification (TS) are being revised to
describe the methodology used to establish the new reactor vessel
pressure-temperature (P-T) curves based on the radiation embrittlement trends
of Regulatory Guide (RG) 1.99, Revision 2 (R2). The current revision of the
TS contains figure 3.6-2, which is a radiation embrittlement trend curve that
is no longer technically valid or consistent with the TVA commitment to base
embrittlement specified in RG 1.99, R2.

DESCRIPTION OF THE PROPOSED CHANGE

I. Existin TS

The existing TS surveillance requirements for Thermal and Pressurization
Limitations Section 4.6.A.4, page 3.6/4.6-3 states:

"Neutron flux wires shall be installed in the reactor vessel adjacent
to the reactor vessel wall at the core mid-plane level. The wires
shall be removed and tested during the first refueling outage to
experimentally verify the calculated values of neutron fluence at
one-fourth of the beltline shall thickness that are used to determine
the NDTT shift from Figure 3.6-2."

Pro osed Chan e

The proposed change would delete section 4.6.A.4.

The existing TS Limiting Conditions for Operation for Thermal and
Pressurization Limitations section 3.6.A.4 states: "The reactor vessel
shell temperatures (during inservice hydrostatic or leak testing shall
be at or above the temperatures shown on curve PP1 of figure 3.6-1)."

Pro osed Chan e

Revise section 3.6.A.4 to read: "The beltline region of reactor vessel
temperatures (during inservice hydrostatic or leak testing shall be at
or above the temperatures shown on curve $/1 on figure 3.6-1)."
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EHCLOSURE 2

DESCRIPTIOH AHD JUSTIFICATION
BROWHS FERRY NUCLEAR PLANT (BFH)

Page 2 of 3

Existin TS

The existing TS contains Figure 3.6-2 which is a radiation embrittlement
trend curve.

Pro osed Chan e

The proposed change would delete Figure 3.6-2 radiation embrittlement
trend curve.

IV. The bases on page 3.6/4.6-26 and 3.6/4.6-27 were updated.

V. The proposed change will "replace" TS Figure 3.6-1 P-T curves with the
revised curves using the RG 1.99 Revision 2 methodology.

Justification of Chan e

Paragraph 4.6.A.4 is no longer applicable since the first set of flux
wires have been removed and the test results have been used to predict
neutron fluence for 12 effective full power years of operation.

Hydrotesting/leak testing of the reactor vessel is performed prior to
startup after a refueling outage to verify that the vessel is leak
tight. Procedures require isolation of containment once the reactor
coolant temperature reaches 212'F, thus establishing the maximum
temperature for this test. The minimum temperature is established by the
P-T curves. Technical Specification requires all reactor coolant
temperatures between the flange and bottom head to be greater than the
P-T curves. Since there is an approximate 30'F temperature difference
between the flange and the bottom head during hydrotesting it is
difficult to maintain the minimum temperature for essentially the whole
vessel while not exceeding 212'F. However, the P-T curves for
hydrotesting/leak testing are controlled by the beltline region which is
subjected to the worst case radiation embrittlement. The bottom head
receives no significant neutron flux and therefore is not subjected to
radiation embrittlement. The temperature of the bottom head can be less
than the beltline region and still be protected from brittle fracture.
This condition can occur when the recirculation system flow is low and
the control rod drive hydraulic system is supplying cooler water to the
drive mechanism and subsequently the bottom head region. NE Calculation
ND-Q0999-„900054 Revision 0 demonstrates that the bottom head can lag the
proposed new P-T by up to 40'F while maintaining ASME Section III,
Appendix G margins. In addition, the definition of "Beltline region of
reactor vessel" is consistent with 10 CFR Part 50, Appendix G.

Figure 3.6-2 is no longer technically valid or consistent with the TVA
commitment to base embrittlement specified in RG 1.99 Revision 2.

IV. The TS bases were updated to describe the methodology used to establish
the new reactor vessel P-T curves based on the radiation embrittlement
trends of RG 1.99 Revision 2.
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EHCLOSURE 2

DESCRIPTIOH AHD JUSTIFICATIOH
BROWS FERRY HUCLEAR PLAHT (BFH)

Page 3 of 3

V. Figure 3.6-1 revised the P-T curves to comply with RG 1.99 Revision 2
methodology. The graphical depiction of the P-T curves will differ for
Unit 1 compared to Unit 2 and 3. The change in heatup and cooldown and
hydrostatic test limits for the reactor vessel are affected by an
approximate 15'F shift on the P-T curves, the minimum hydrotest
temperature at 1100 psig is 195 F for Unit 1 and 185 F for Units 2 and
3. Units 2 and 3 have more operating margin than Unit 1 because the
most limiting weld in those reactor vessels has less copper and nickel
content and a lower initial nil-ductility transition temperature.
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EHCLOSURE 3

DETERMIHATIOH OF HOT SIGNIFICANT MZARDS CONSIDERATION
BROWHS FERRY NUCLEAR PLANT (BFH)

UHITS l~ 2, AHD 3

Descri tion of Pro osed S Amendment

The proposed amendment revises Technical Specification (TS) Section 3.6/4.6,
Pressure/Temperature Limits, to modify the current TS wording, and
pressure/temperature (P-T) limit curves to be consistent with current
regulatory guidance.

Basis for Pro osed No Si nificant Hazards Consideration Determination

NRC has provided standards for determining whether a significant hazards
consideration exists as stated in 10 CFR 59.92(c). A proposed amendment to an
operating license involves no significant hazards considerations if operation
of the facility in accordance with the proposed amendment would not (1)
involve a significant increase in the probability or consequences of an
accident previously evaluated, or (2) create the possibility of a new or
different kind of accident from an accident previously evaluated, or (3)
involve a significant reduction in margin of safety.

1. The proposed amendment does not involve a significant increase in
the probability or consequence of an accident previously evaluated.

The proposed amendment would revise the TS to conform to current NRC

guidance for protection of the reactor pressure vessel from
radiation induced embrittlement. The proposed TS changes result in
more conservative operating limits for the reactor vessel. The new
operating limits will provide increased margins of protection for
the reactor vessel from non-ductile failure.

Failure of the reactor vessel is not a design basis accident.
Through design conservatisms, reactor vessel failure has a low
probability of occurrence and is not considered in the safety
analyses. The new proposed P-T operating limits will add additional
conservatism making .reactor vessel failure even less credible.
These changes do not alter or prevent the operation of equipment
required to mitigate any accident in which BFN is analyzed for in
the BFN Final Safety Analysis Report. Therefore, this change cannot,
increase the probability or consequences of any previously evaluated
accident.

2. The proposed amendment does not create the possibility of a new or
different kind of accident from any accident previously evaluated.
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KHCLOSURK 3 Page 2 of 2

DETERMIHATIOH OF HOT SIGHIFICAHT HAZARDS COHSIDKRATIOH
BROWHS FERRY HUCLEAR PLANT (BFH)

UHITS l~ 2~ AND 3

The proposed TS changes deal exclusively with reactor vessel P-T
limitations. No other component or plant system is affected. The new
P-T limit curves will be ad)usted for reactor vessel fluence in a more
conservative manner than the existing curves. Therefore, there is no
possibility of a new or different kind of accident being created from
any accident previously evaluated.

3. The proposed amendment does not involve a significant reduction in the
margin of safety.

The ductile to brittle transition temperature is shifted approximately
15'F. over the current P-T curves. This shift of the P-T curves to
higher temperatures represents an increased margin against non-ductile
fracture during heatup, cooldown and hydrotesting. The proposed
changes conform to the recommendations of the NRC Staff contained in
Regulatory Guide 1.99, Revision 2. Therefore, the proposed changes
will not reduce the margin of safety.

Determination of Basis for Pro osed o Si nificant Hazards

Since the application for amendment involves a proposed change that is not
encompassed by the criteria for which no significant hazards consideration
exists, TVA has made a proposed determination that the application involves no
significant hazards considerations.
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