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Pressurization Temperature - The react.or coolant. 1yst.em is
primary barrier agaln1t. the release of ffuion product.1 t.o
environs. In order to provide assurance t.bat. t.bi1 barrier is
aint.ained at. a high degree of int.egrit.7, re1t.rict.ions bave
en placed on the operating condit.ion1 to vbicb lt can be
ect.ed. These re1t.rictions OD iDservice hydrostatic
ng, on beat.up and cooldown, and OD critical core
ion shown ln Figure 3.6.1, were e1tabli1hed to b
nee vit.h Appendiz G to 10 CFR SO.
ng the adequac7 of ferrlt.ic 1t.eel1
t at the following be est.abli1bed:
a)

ce nil-duct.illty temperature
joining materials,

b)

t.he relat.ionsh
between RTNDT and i egrat.ed neutron
flu1 (fluence, • energies greater ban one fltev), and

c)

the fluence at

The initial RTNDT of the
head materials connecting
welds is lO•F. However, the
terminate immediately below
of 4o•r. (Reference Appen x
o the FSAR) The closure
flanges and connecting s 11 mate ials are not subject to any
appreciable neutron rad tion expo re, nor are the. vertical
electroslag seams. T flange area s moderately stressed by
·tensioning the bead
lts. Therefore, as ls indicated in
curves (a) and (b)
Figure 3.6.1, th minimum temperature of
the vessel shell
ediately below the v sel flange ls
established as
o•r below a pressure of o pslg. C4o•r +
6o•r, where 40• ls the RTNDT of the electr lag weld and
6o•r ls a co ervatism required by the ASKE de). Above
approzimate
400 pslg pressure~ tbe •tresses ssociated with
pres'suriz ion are more limiting than the boltl
a
fact tha ls reflected in the non-linear portion f curves (a)
and (b). Curve (c), which defines the temperature imitations
for ·C tical core operation, was established per Sec ion IV ·
of Appendiz G of lOCFRSO. Each of the curves, ( ), Cb>
(c) define temperature limitations for unirradiate ferric
eels. Provision has been made for the modification o these
curves to account for the change in RTNDT as a result of
neutron embrittlement.
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B. Pressurization Temperature - The reactor vessel is a primary barrier
against the release of fission products to the environs. In order to provide
assurance that this barrier is maintained at a high degree of integrity,
pressure-temperature limits have been established for the operating
conditions to which the reactor vessel can be subjected. Figure 3.6.1
presents the pressure-temperature curves for those operating conditons;
lnservice Hydrostatic Testing (Curve A), Non-Nuclear Heatup/Cooldown
(Curve B), and Core Critical Operation (Curve C). These curves have
been established to be in conformance with Appendix G to 1O CFR 50
and Regulatory Guide 1.99, Revision 2, and take into account the change
in reference nil-ductility transition temperature (RTNOT) as a result of
neutron embrittlement. The adjusted reference temperature (ART) of the
limiting vessel material is used to account for irradiation effects.
Three vessel regions are considered for the development of the
pressure-temperature curves: 1) the core beltline reQion; 2) the
non-beltline region (other than the closure flange reg1ori); and 3) the
·
closure flange region. The beltline region is defined as that region of the
reactor vessel that directly surrounds the effective hei~ht of the reactor
core (between the bottom and top of active fuel), and 1s subject to an
RT NDT adjustment to account for irradiation embrittlement. The
·
non-oeltline and closure flange regions receive insufficient fluence to
ne?es~itate an RTNOT adjustment. These regions contain components
,
which mclude; the reactor vessel nozzles, closure flanges, top and bottom·
head plates, control rod drive penetrations, and shell plates that do not
directly surround the reactor core. Although the closure flange region is a
non-beltline region, it (the closure flange region) is treated separately for
the development of the pressure-temperature curves to address 10 CFR
50 Appendix G requirements.
In evaluating the adequacy of the steel which comprises the reactor
vessel, it is necessary that the following be established: 1) the RT NOT for
all vessel and adjoining materials; 2) the relationship between RT NOT
and integrated neutron flux (fluence, at energies greater than one·Mev);
and 3) the fluence at the location of a postulated flaw.
Boltup Temperature
The initial RT NOT of the main closure flanges, the shell and head
materials connecting to these flanges, the connecting welds, and the
vertical electroslag welds which terminate immediately below the
vessel flange are all 20°F or lower. . Therefore, the minimum allowable
boltup temperature is established as 80°F (RTNOT+ 60°F) which
includes a 60°F conservatism required by the ongtnal ASME Code of .
construction.
1of2
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Curve A - Hydrotesting
As indicated in Curve A of Figure 3.6.1 for system hydrotesting, the
minimum metal temperature of the reactor vessel shell is 80°F for
reactor pressures less than 312 psig. This 80°F minimum boltup
temperature is based on a RTNDI of 20°F for the top head plate
(most limiting material) and a 60'"'F conservatism required by the
original ASME Code of construction.
At reactor pressures ~reater than 312 psig the minimum vessel metal
temperature is established as 110°F. The 110°F minimum
temperature is based on a closure flange region RTNOT of 20°F and a
90°F conservatism required by 10 CFR 50 Appendix G for pressure in
excess of 20% of the preservice hydrostatic test pressure (1563 psig).
At approximately 620 psig reactor pressure the effects of
pressurization become more limiting than the boltup stresses at the
closure flange region, as shown by the non-linear portion of Curve A
intersecting the vertical 110°F line. The non-linear portion of the curve
is dependent on the non-beltline region (which is actually more limiting
than the beltline region through a vessel exposure of 22 effective full
power years), and based on a RTNDT of 40°F.
Curve B - Non-Nuclear Heatup/Cooldown
Curve B of Figure 3.6.1 applies during heatups with non-nuclear heat
(e.g. recirculation pump heat) and during cooldowns when the reactor
is not critical (e.g. following a scram). The curve provides the
minimum reactor. vessel metal temperatures based on the most
limiting vessel stress (non-beltline stresses).
As indicated by the vertical 80°F line, the boltup stresses at the
closure flange region are most limiting below approximately 80 psig.
Above approximately 80 psig, pressurization and thermal stresses
become more limiting than the boltup stresses, which is reflected by
the non-linear portion of Curve B. The non-linear portion of. the curve ·
is dependent on the non-beltline region (which is actually more limiting
than the beltline region through a vessel exposure of 22 effective.full
power years), and based on a RT NOT of 40°F.
Curve C - Core Critical Operation
Curve C, the core critical operation curve shown in Figure 3.6.1, is
generated in accordance with 10 CFR 50 Appendix G which requires
core critical pressure-temperature limits to be 40°F above any Curve A
or B limits. Since Curve B is more limiting, Curve C is Curve B plus
40°F.
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LIMITING CONDITION FOR OPERATION BASES (Cont'd.)
Pressurization Temperature - The reactor coolant system is
primary barrier against the release of fission products to
environs. In order to provide assurance that this barrier
maintained at a high degree of integrity. restrictions hav
een placed on the operating conditions to which it can b
s bjected. These restrictions on inservice hydrostatic
te ing. on heatup and cooldown. and on critical core
oper tion shown in Figure 3.6.1. were established to
confo ance with Appendix G to 10 CFR 50.
ing the adequacy of ferritic steels
hat the following be established:
a)

The refe nee nil-ductility temperature
vessel and adjoining materials.

b)

the relations ip between RTNDT and ntegrated neutron
flux (fluence. t energies great
than one Kev>. and

c)

the fluence at

for all

postulated flow.

osure flange. the shell and
The initial RTNDT of the
head materials connecting o
ese flanges. and connecting
welds is 10°F. However. th vertical electroslag welds which
terminate immediately belo { e vessel flange have an RTNDT
of 40°F. (Reference Appe dix
to the FSAR) The closure
flanges and connecting
ell ma rials are not subject to any
appreciable neutron r iation exp sure. nor are the vertical
electroslag seams.
e flange are is moderately stressed by
tensioning the hea bolts. ~herefor • as is indicated in
curves (a) and (b of Figure 3.6.l. t
minimum temperature of
the vessel shel immediately below.the essel flange is
established as 00°F below a pressure of 00 psig. (40°F +
60°F. where
°F is the RTNDT of the elec~ oslag weld and·
60°F is a c nservatism required by the ASKE Code). Above
approxima ly 400 psig pressure. the stresse associated with
pressuri ation are more limiting than the bolt
a
fact t t is reflected in the non-linear portio of curves (a)
and ( ). Curve <c>. which defines the temperatur
for ritical core operation. was established per S
2 . . of Appendix G of 10CFR50. Each of the curves. a>. (b)
d (c) define temperature limitations for unirradiat
steels. Provision has been made for the modification
curves to account for the change in RTNDT as a result
neutron embrittlement.
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B. Pressurization Temperature - The reactor vessel is a primary barrier
against the release of fission products to the environs. In order to provide
assurance that this barrier is maintained at a high degree of integrity,
pressure-temperature limits have been established for the operating
conditions to which the reactor vessel can be subjected. Figure 3.6.1
presents the pressure-temperature curves for those operating conditions;
lnservice Hydrostatic Testing (Curve A), Non-Nuclear Heatup/Cooldown
(Curve B), and Core Critical Operation (Curve C). These curves have
been established to be in conformance with Appendix G to 10 CFR 50
and Regulatory Guide 1.99, Revision 2, and take into account the change
in reference nil-ductility transition temperature (RTNOT) as a result of
neutron embrittlement. The adjusted reference temperature (ART) of the
limiting vessel material is used to account for irradiation effects.
Three vessel regions are considered for the development of the
pressure-temperature curves: 1) the core beltline reQion; 2) the
non-beltline region (other than the closure flange region); and 3) the
closure flange region. The beltline region is defined as that region of the
reactor vessel that directly surrounds the effective hei~ht of the reactor
core (between the bottom and top of active fuel), and 1s subject to an
RT NOT adjustment to account for irradiation embrittlement. The
non-oeltline and closure flange regions receive insufficient fluence to
necessitate an RTNOT adjustment. These regions contain components
which include; the reactor vessel nozzles, closure flanges, top and bottom
head plates, control rod drive penetrations, and shell plates that do not
directly surround the reactor core. Although the closure flange region is a
non-beltline region, it (the closure flange region) is treated separately for
the development of the pressure-temperature curves to address 10 CFR
50 Appendix G requirements.
In evaluating the adequacy of the steel which comprises the reactor
vessel, it is necessary that the following be established: 1) the RT NOT for
all vessel and adjoining materials; 2) the relationship between RT NOT
and integrated neutron flux (fluence, at energies greater than one·Mev);
and 3) the fluence at the location of a postulated flaw.
·
Boltup Temperature
The initial RTNOT of the main closure flanges, the shell and head
materials connecting to these flanges, and connecting welds is 10°F;
however, the vertical electroslag welds which terminate immediately
below the vessel flange have an RT NOT of 40°F. Therefore, the
minimum allowable boltup temperature IS established as 100°F
(RTNOT + 60°F), which includes a 60°F conservatism required by the
original ASME Code of construction.
1 of 2
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Curve A - Hydrotesting
As indicated in Curve A of Figure 3.6.1 for system hydrotesting, the
minimum metal temperature of the reactor vessel shell is 100°F for
reactor pressures less than 312 psig. This 100°F minimum boltup
temperature is based on a RT NOT of 40°F for the electroslag weld
immediately below the vessel flange and a 60°F conservatism required
by the original ASME Code of construction.
At reactor pressures ~reater than 312 psig the minimum vessel metal
temperature is established as 130°F. The 130°F minimum
temperature is based on a closure flange region RTNDT of 40°F and a
90°F conservatism required by 10 CFR 50 Appendix G for pressure in
excess of 20% of the preservice hydrostatic test pressure (1563 psig).
At approximately 650 psig the effects of pressurization are more
limiting than the boltup stresses at the closure (lan~e region, hence a
family of non-linear curves intersect the 130°F vertical line. Beltline as
well as non-beltline curves have been provided to allow separate
monitoring of the two regions. Beltline curves as a function of vessel
exposure for 12, 14 and 16 effective full power years (EFPY) are ·
presented to allow the use of the appropriate curve up to 16 EFPY of
operation.
Curve B ~ Non-Nuclear Heatup/Cooldown
Curve B of Figure 3.6.1 applies during heatups with non-nuclear heat
(e.g., recirculation pump heat) and during cooldowns when the reactor
is not critical (e.g., following a scram). The curve provides the
minimum reactor vessel metal temperatures based on the most
limiting vessel stress.
As indicated by the vertical 100°F line, the boltup stresses at the
closure flange, region are most limiting for reactor pressures below
approximately 110 psig. For reactor pressures greater than
approximately 110 psig, pressurization and thermal stresses become
more limiting than the boltup stresses, which is reflected by the
· non-linear portion of Curve B. The non-linear portion of the curve is
dependent on non-beltline and beltline regions, with the beltline region
temperature limits having been adjusted to account for vessel
irradiation (up to a vessel exposure of 16 EFPY). The non-beltline
region is limiting between approximately 110 psig and 830 psig.
Above approximately 830 ps1g, the beltline region becomes limiting.
Curve C - Core Critical Operation
Curve C, the core critical operation curve shown in Figure 3.6.1, is
generated in accordance with 10 CFR 50 Appendix G which requires
core critical pressure-temperature limits to be 40°F above any Curve A
or B limits. Since Curve B is more limiting, Curve C is Curve B plus
40°F.
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3.6 LIMITING CONDITIONS FOR OPERATION BASES

A.

Thermal Limitations
The reactor vessel design specification requires that the reactor vessel be
designed for a maximum heatup and cooldown rate of the contained fluid
(water) of 100°F/hour averaged over a period of 1 hour. This rate has been
chosen based on past experience with operating power plants. The associated
time periods for heatup and cooldown cycles when the 100°F/hr rate is
limiting provides for efficient but safe plant operation.
The reactor vessel manufacturer has designed the vessel to the above
temperature criterion. In the course of completing the design, the
manufacturer performed a detailed stress analysis. This analysis includes
more severe thermal conditions than those which would be encountered during
_normal heating and cooling operations.
Specific analyses were made based on a heating and cooling rate of 100°F/hr
applied continuously over a temperature range of 100°F to 550°F. Because of
the slow temperature-time response of the massive flanges relative to the
adjacent head and shell sections, calculated temperatures obtained were 500°F
(shell) and 360°F (flange) (140°F differential).
Both axial and radial thermal stresses were considered to act concurrently
with full primary loadings. Calculated stresses were within ASME Boiler and
Pressure Vessel Code Section III stress intensity and fatigue limits even at
the flange area where maximum stress occurs.
·
The flange metal temperature differential of 140°F occurred as a result of
sluggish temperature response and the fact that the heating rate continued
over a 450°F coolant.temperature range.

-.. ~

The uncontrolled cooldown rate of 240°F/hr was based on the maximum expected
transient over the lifetime o~ the reactor vessel. This maximum expected
transient is the injection of cold water into the vessel by the high-pressure·
coolant injection subsystem. This transient was considered in the design of
the pressure vessel, and ten such cycles were considered in the design.
Detailed stress analyses were conducted to assure that the injection of cold
water into the vessel by the HPCI would not exceed ASME stress code
1imitations.

:r:NSERT
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critical core operation shown in Figure 3.6-1, were established to be in
onformance with Appendix G to lOCFRSO.

INSERT
'3'

In aluating the adequacy of ferritic steels Sa302B it
follo ·ng be established:
1.

Th~ ~eference n~l-ductility

2.

The lationship between RT~DT and integrated neutr
(fluen ~ at energies > MevJ, and
.

3.

a 01n1ng mater1als.

temperature (RTNDT) for all

and

at the location of a postulated f w.

The initial RTNRT of th main closure flange, the sh 1 and head materials
connecting to t ese flang s, and connecting welds · 10°F. However, the
vertical electroslag welds hich terminate immed· tely below the vessel
flange have an RTNnT of 40°~ Reference Ap~endi F to the Dresden FSAR). The
closure flanges aMC connect1ng hell mater1al are not subject to any
appreciable neutron radiation ex osure, nor re the vertical electroslag
seams. The flange area is modera ly str sed by tensioning the head bolts.
Therefore, as is indicated in curve (a and (b) of Figure 3.6-1, the minimum
temperature of the vessel shell immed tely below the vessel flange is
. established as 100°F below a pressur o 400 psig. (40°F + 60°F, where 40°F
is the RT~BT of the electroslag we ~,and °F is a conservatism required by
the ASME c ae). Above approxima ly 400 ps· pressure, the stresses
associated.with pressurization re more limi ·ng than the bolting stresses, a
fact that is reflected in th non-linear porti of curves (a) and (b).
Curve (c), which defines t
temperature limitat· ns for critical core
operation, was establishe per Section IV of Appen ix G of lOCFRSO. Each· of
the curves, (a), (b) an (c) define temperature lim1 ations for unirradiated
ferritic steels. Pro sion has been made for the mod ication of these curves
to account for the ange in RTNDT as a result of. neutr embrittlement.
The withdrawal s edule in Table 4.6-2 is based.on the thre capsule
surveillance p gram as d~fined in Sectiori II.C of 10 CFR 50 pendix H. The
accelerated psule (Near Core Top Guide) are not required by pendix H but
will be te ed to provide additional information on the vessel m erial.
This s veillance program conforms to ASTM E 185-73 "Recommended Pra tice for
Surve· lance Tests for Nuclear Reactor Vessels" with one exception.
e base
met specimens of the vessel were made with their longitudinal axes pa llel
t the principle rolling direction of the vessel plate.
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B. Pressurization Temperature
The reactor vessel is a primary barrier against the release of fission
products to the environs. In order to provide assurance that this barrier is
maintained at a high degree of integrity, pressure-temperature limits have
been established for the operating conditions to which the reactor vessel
can be subjected. Figure 3.6-1 presents the pressure-temperature curves
for those operating conditions; lnservice Hydrostatic Testing (Curve A),
Non-Nuclear Heatup/Cooldown (Curve B), and Core Critical Operation
(Curve C). These curves have been established to be in conformance
with Appendix G to 10 CFR 50 and Regulatory Guide.1.99, Revision 2,
and take into account the change in reference nil-ductility transition
temperature (RTNOT) as a result of neutron embrittlement. The adjusted
·
reference temperafure (ART) of the limiting vessel material is used to
account for irradiation effects.
Three vessel regions are considered for the development of the
pressure-temperature curves: 1) the core beltline re~ion; 2) the
non-beltline region (other than the closure flange region); and 3) the
closure flange region. The beltline region is defined as that region of the
reactor vessel that directly surrounds the effective hei~ht of the reactor
core (between the bottom and top of active fuel), and 1s subject to an
RT NOT adjustment to account for irradiation embrittlement. The
non-oeltline and closure flange regions receive insufficient fluence to
necessitate an RT NOT adjustment. These regions contain components
which include; the reactor vessel nozzles, closure flanges, top and bottom
head plates, control rod drive penetrations, and shell plates that do not
directly surround the reactor core. Although the closure flange region is a
non-beltline region, it (the closure flange region) is treated separately for
the development of the pressure-temperature curves to address 1O CFR
·
50 Appendix G requirements.
In evaluating the adequacy of the steel which comprises the reactor
vessel, it is necessary that the following be established: 1) the RTNOT for
all vessel and adjoining materials; 2) the relationship between RT NOT
and integrated neutron flux (fluence, at energies greater than one·Mev);
and 3) the fluence at the location of a postulated flaw.
Boltup Temperature
The initial RT N.OT of the main closure flanges, the shell and head
materials connecting to these flanges, and connecting welds is 10°F;
however, the vertical electroslag welds which terminate immediately
below the vessel flange have an RT NOT of 40°F. Therefore, the
minimum allowable boltup temperature IS established as 100°F
(RT NOT + 60°F), which includes a 60°F conservatism required by the
original ASME Code of construction.
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Curve A - Hydrotesting

As indicated in Curve A of Figure 3.6-1 for system hydrotesting, the
minimum metal temperature of the reactor vessel shell is 100°F for
reactor pressures less than 312 psig. This 100°F minimum boltup
temperature is based on a RT NOT of 40°F for the electroslag we.Id
immediately below the vessel frange and a 60°F conservatism required
by the original ASME Code of construction.
At reactor pressures ~reater than 312 psig the minimum vessel metal
temperature is established as 130°F. The 130°F minimum
temperature is based on a closure flange region RTNOT of 40°F and a
90°F conservatism required by 10 CFR 50 Appendix G for pressure in
excess of 20% of the preservice hydrostatic test pressure ( 1563 psig).
At approximately 650 psig the effects of pressurization are more
limiting than the boltup stresses at the closure flan9e region, hence a
family of non-linear curves intersect the 130°F vertical line. Beltline as
well as non-beltline curves have been provided to allow separate
monitoring of the two _regions. Beltline curves as a function of vessel
exposure for 12, 14 and 16 effective full power years (EFPY) are
presented to allow the use of the appropriate curve up to 16 EFPY of
operation.
Curve B - Non-Nuclear Heatup/Cooldown
Curve B of Figure 3.6-1 applies during heatups with non-n.uclear heat
(e.g., recirculation pump heat) and during cooldowns when the reactor
is not critical (e.g., following a scram). The curve provides the
minimum reactor vessel metal temperatures based on the most
limiting vessel stress.
As indicated by the vertical 100°F line, the boltup stresses at the
closure flange region are most limiting for reactor pressures below
approximately 110 psig. For reactor pressures greater than
approximately 110 psig, pressurization and thermal stresses become
more limiting than the boltup stresses, which is reflected by the
non-linear portion of Curve B. The non-linear portion of the curve is
dependent on non-beltline and beltline regions, with the beltline region
temperature limits having been adjusted to account for vessel
irradiation (up to a vessel exposure of 16 EFPY). The non-beltline
region is limiting between approximately 11 O psig and 830 psig.
Above approximately 830 ps1g, the beltline region becomes limiting.
Curve C - Core Critical Operation
Curve C, the core critical operation curve shown in Figure 3.6-1, is
generated in accordance with 10 CFR 50 Appendix G which requires
core critical pressure-temperature limits to be 40°F above any Curve A
or B limits. Since Curve B is more limiting, Curve C is Curve B plus
40°F.
.
2of 3
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The withdrawal schedule in Table 4.6-2 is based on the three capsule
surveillance program as defined in Section 11.C of 10 CFR 50 Appendix
H. The accelerated capsule (Near Core Top Guide) are not required by
Appendix H.
This surveillance program conforms to ASTM E 185-73 "Recommended
Practice for Surveillance Tests for Nuclear Reactor Vessels" with one
exception. The base metal specimens of the vessel were made with their
longitudinal axes parallel to the principle rolling direction of the vessel
plate.
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3.6 LIMITING CONDITIONS FOR OPERATION BASES
A.

Thermal Limitations

The reactor vessel design specification requires that the reactor vessel be designed for a maximum heatup
and cooldown rate of the contained fluid (water) of 100 ° F /hour averaged over a period of 1 hour. This
rate has been chosen based on past experience with operating power plants. The associated time periods
for heatup and cooldown cycles when the JOO ° F/hr rate is limiting provides for efficient but safe plant
operation.
The reactor vessel manufacturer has designed the vessel to the above temperature criterion. In the course
of completing the design, the maufacturer performed a detailed stress analysis. This analysis includes
more severe thermal conditions than those which would be encountered during normal heating and
cooling operations.
Specific analyses were made based on a heating and cooling rate of 100 ° F /hr applied continuously over
a temperature range of JOO ° F to 550 ° F. Because of the slow temperature-time response of the massive
flanges relative to the adjacent head and shell sections, calculated temperatures obtained were 500 ·· F
(shell) and 360 ° F (flange) ( 140 ° F differential).
Both axial and radial thermal stresses were considered to act concurrently with full primary loadings.
Calculated stresses were within ASME Boiler and Pressure Vessel Code Section Ill stress intensity and
fatigu·e limits even at the flange area where maximum stress occurs.
The flange metal temperature differential of 140 ° F occurred as a result of sluggish temperature response
and the fact that the heating rate continued over a 450 ° F coolant temperature range.
The uncontrolled cooldown rate of 240 ° F /hr was based on the maximum expected transient over the
lifetime of the reactor vessel. This maximum expected transient is the injection of cold water into the
vessel by .the high-pressure coolant injection subsystem. This transient was considered in the design of
the pressure vessel. and ten such cycles were considered in the design. Detailed stress analyses were
conducted to assure that the injection of cold water into the vessel by the HPCI would not exceed ASME
stress code limitations.
·
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1~ The reference nil~uctility temperature (RTNOT) for all vessei and adjoining materials.

e relationship between RTNOT and integrated neutton flux (fluence, at energies> 1 Mev). aI:l!
(_

ce at the location of a postulated fl:iw.
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The initial RTNT) of the main closure thnge, the shell and head materials connecting these fbng:s. and con·
necting welds is 10 • However, the vertical electroslag weids which temtinate ·
ediately ~lo:w the vessel
40°F. Reference Appendix F to the Dresden FSA . The closure ~~ and con·
flange Juve an RT NOT
necting shell materials are
t subject to any appreciable neutron radia · n exposure, nor an :.':.e vertic3l
electroslag seams. The flange ar · moderately stressed by temioning
head bolts. Therefore, as is indicated
in CUn'H (a) and (b) of Figure 3.6.1, e minimum temperature of
vessel shell imme;iiately below the vessel
flange is established as 100°F below a
ure of 400 psig. ('
+ 60°F, where 40°F is the RT~OT of the
eleetroslag weld and 60°F is a conserv:itism quired by the
\tE Code). Above approxirnat:ly 400 psig pres·
sure, the stresses associated with pressurizati
are
e limiting than the bolting stresses, a !act that is
reflected in the non4inear portion of curves (a) :in
• Cu:ve (c), which defines the tempe:ature :imitations
for critical core operation, was established per Se on
2-' of Appendix G of IOCFRSO. Each oi the curves,
(a), (b} and (c) defme temperature limitation or unirradi d ferrttic steels. Provision has been made for the
e change in RT N
as a resuh of neuuan cmbr".::leme:a.
l'ROdiftcation of the~ curve3 to account fo

'l'he wi thd=awal !;Ch· ulc in Table 4. 6. 2 i based on the tr.=ee
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B. Pressurization Temperature
The reactor vessel is a primary barrier against the release of fission
products to the environs. In order to provide assurance that this barrier is
maintained at a high degree of integrity, pressure-temperature limits have
been established for the operating conditions to which the reactor vessel
can be subjected. Figure 3.6-1 presents the pressure-temperature curves
for those operating conditions; lnservice Hydrostatic Testing (Curve A),
Non-Nuclear Heatup/Cooldown (Curve B), and Core Critical Operation
(Curve C). These curves have been established to be in conformance
with Appendix G to 10 CFR 50 and Regulatory Guide 1.99, Revision 2,
and take into account the change in reference nil-ductility transition
temperature (RTNOT) as a result of neutron embrittlement. The adjusted
reference temperafure (ART) of the limiting vessel material is used to
account for irradiation effects.
Three vessel regions are considered for the development of the
pressure-temperature curves: 1) the core beltline reQion; 2) the
non-beltline region (other than the closure flange region); and 3) the
closure flange region. The beltline region is defined as that region of the
reactor vessel that directly surrounds the effective hei9ht of the reactor
core (between the bottom and top of active fuel), and 1s subject to an
RT NOT adjustment to account for irradiation embrittlement. The
non-oeltline and closure flange regions receive insufficient fluence to
necessitate an RTNOT adjustment. These regions contain components
which include; the reactor vessel nozzles, closure flanges, top and bottom
head plates, control rod drive penetrations, and shell plates that do not
directly surround the reactor core. Although the closure flange region is a
non-beltline region, it (the closure flange region) is treated separately for
the development of the pressure-temperature curves to address 10 CFR
50 Appendix G requirements.
In evaluating the adequacy of the steel which comprises the reactor
vessel, it is necessary that the following be established: 1) the RT NOT for
all vessel and adjoining materials; 2) the relationship between RTNOT
and integrated neutron flux (fluence, at energies greater than one-Mev); .
and 3) the fluence at the location of a postulated flaw.
Boltup Temperature
The initial RT NOT of the main closure flanges, the shell and head
materials connecting to these flanges, and connecting welds is 10°F;
however, the vertical electroslag welds which terminate immediately
below the vessel flange have an RT NOT of 40°F. Therefore, the
minimum allowable boltup temperature IS established as 100°F
(RTNOT + 60°F), which includes a 60°F conservatism required by the
original ASME Code of construction.
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Curve A - Hydrotesting
As indicated in Curve A of Figure 3.6-1 for system hydrotesting, the
minimum metal temperature of the reactor vessel shell is 100°F for
reactor pressures less than 312 psig. This 100°F minimum boltup
temperature is based on a RTNOT of 40°F for the electroslag weld
immediately below the vessel ffange and a 60°F conservatism required
by the original ASME Code of construction.
At reactor pressures ~reater than 312 psig the minimum vessel metal
temperature is established as 130°F. The 130°F minimum
temperature is based on a closure flange region RTNOT of 40°F and a
90°F conservatism required by 10 CFR 50 Appendix G for pressure in
excess of 20% of the preservice hydrostatic test pressure (1'563 psig).
At approximately 650 psig the effects of pressurization are more
limiting than the boltup stresses at the closure flan~e region, hence a
family of non-linear curves intersect the 130°F vertical line. Beltline as
well as non-beltline curves have been provided to allow separate
monitoring of the two regions. Beltline curves as a function of vessel
exposure for 12, 14 and 16 effective full power years (EFPY) are
presented to allow the use of the appropriate curve up to 16 EFPY of
operation.
Curve B - Non-Nuclear Heatup/Cooldown
Curve B of Figure 3.6-1 applies during heatups with non-nuclear heat
(e.g., recirculation pump heat) and during cooldowns when the reactor
is not critical (e.g., following a scram). The curve provides the
minimum reactor vessel metal temperatures based on the most
limiting vessel stress.
As indicated by the vertical 100°F line, the boltup stresses at the
closure flange region are most limiting for reactor pressures below
approximately 110 psig. For reactor pressures greater than
·approximately 11 O psig, pressurization and thermal stresses become
more limiting than the boltup stresses, which is reflected by the
non-linear portion of Curve B. The non-linear portion of the curve is
dependent on non-beltline and beltline regions, with the beltline region
temperature limits having been adjusted to account for vessel
irradiation (up to a vessel exposure of 16 EFPY). The non-beltline
region is limiting between approximately 110 psig and 830 psig. .
Above approximately 830 ps1g, the beltline region becomes limiting.
Curve C - Core Critical Operation
Curve C, the core critical operation curve shown in Figure 3.6-1, is
generated in accordance with 10 CFR 50 Appendix G which requires
core critical pressure-temperature limits to be 40°F above any Curve A
or B limits. Since Curve B is more limiting, Curve C is Curve B plus .
40°F.
.
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The withdrawal schedule in Table 4.6-2 is based on the three capsule
surveillance program as defined in Section 11.C of 10 CFR 50 Appendix
H. The accelerated capsule (Near Core Top Guide) are not required by
Appendix H.
This surveillance program conforms to ASTM E 185-73 "Recommended
Practice for Surveillance Tests for Nuclear Reactor Vessels" with one
exception. The base metal specimens of the vessel were made with their
longitudinal axes parallel to the principle rolling direction of the vessel
plate.

3 of 3

ZNLD/10963:15

•
I

-'

ATTACHMENT C

·FIGURE 3.6.1
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