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LIMITING CONDITION FOR OPERATION BASES lCont'd.)

DRESDEN II DPR-19
endment No. #2, 83, 9%

Pressurization Temperature - The reactor coolant system is a
primary barrier sgainst the release of fission products to the
environs. In order to provide assurance that this barrier is

aintsined st a high degree of integrity, restrictions have

en placed on the operating conditions to which it can be
subjected. These restrictions on inservice hydrostatic
test\ing, on hestup and cooldown, and on critical core
operstjon shown in FPigure 3.6.1, were established to b¢ in
conformdynce with Appendix G to 10 CFR 50.

In evaluatNng the adequacy of ferritic steels Sal30ZB it is
necessary that the following be established:

@) The refererce nil-ductility temperature (RTypr) for all
vessel and adjoining materials, :

b) the relstionshlp between RIypr and iptegrated neutron
flux (fluence, at energies greater than one Mev), and

¢) the fluence at the Nocation of s/postulated flow.

The initial RTypt of the main clgbure flange, the shell and
head materials connecting ty thgse flanges, and connecting
welds is 10°F. However, the rtical electroslag welds which
terminate immediately below vessel flange have an RTypt
of 40°F. (Reference Appendix F\to the FSAR) The closure
flanges and connecting sh€ll matexials are not subject to any
appreciable neutron radjation expoduyre, nor are the vertical
electroslag seams. The flange area s moderately stressed by

‘tensioning the head poOlts. Therefore) as is indicated in

curves (a) and (b) 6f Figure 3.6.1, thé\minimum temperature of
the vessel ghell ediately below the vigsel flange is
established as 100°F below a pressure of 4Q0 psig. (40°F +
60°F, where 40%F is the RIypy of the electrdgleag weld and
60°F 13 a confervatism required by the ASME CQde). Above
approximately 400 psig pressure, the stresses Wssociated with
pressurizefion are more limiting than the bolting stresses, a
fact tha} is reflected in the non-linear portion Rf curves (a)
and (b)/ Curve (e¢), which defines the temperature\limitations
for cyitical core operation, was established per Seckion IV
2.c/of Appendix G of 10CFRSO. Each of the curves, (d), (b)
and (¢) define temperature limitations for unirradiated\ ferric
eels. Provision has been made for the modification of\these
curves to account for the change in RTypr as 8 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

resents the pressure-temperature curves for those operating conditons;

nservice 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 (RTpT) as a result of
neutron embrittiement. 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 region; 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 height of the reactor
core (between the bottom and top of active fuel), and Is subject to an

adjustment to account for irradiation embrittiement. The '
non Enl-tlme and closure flange regions receive insufficient fluence to
necessitate an RTypT adjustment. These regions contain components
which include; the reactor vessel nozzles, closure flanges, tog and bottom
head plates, control rod drive penetratlons 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 Appen ix G requirements.

“In evaluatlng the adequacy of the steel which comprises the reactor
vessel, it is necessary that the following be established: 1) the RTyp for
all vessel and adjoining materials; 2) the relationship between RT
and integrated neutron flux (fluence at energies greater than oneWev)
and 3) the fluence at the location of a postulated law.

Boltup Temperature

The initial RTpT 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 (RTypT + 60°F) which
includes a 60°F conservatism required by the original ASME Code of .
construction. ,
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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 RT of 20°F for the top head plate
(most limitir':f material) and a &PE conservatism required by the
original ASME Code of construction.

At reactor pressures greater 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 RTypT of 20°F and a
90°F conservatism required by 10 CFR 50 Appendix 8 or 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 RTypT 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 RTpT of 40°F.

Curve C - Core Critical Operati

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
2{) ?Flimits. ince Curve B is more limiting, Curve C is Curve B plus

20f2



3.6

TINSERT

\2’ “Z 3

DRESDEN III DPR-25

. .ndment No. 75, ;:QM

LIMITING CONDITION FOR OPERATION BASES (Cont‘'d.)

Pressurization Temperature - The reactor coolant system is a
primary barrier against the release of fission products to th
environs. 1In 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
subjected. These restrictions on inservice hydrostatic
testing, on heatup and cooldown, and on critical core
operation shown in Figure 3.6.1, were established to/be in
conforvpance with Appendix G to 10 CFR 50.

In evaluadting the adequacy of ferritic steels S§802B it is
necessary that the following be established:

8) The referqnce nil-ductility temperature/(RTypy) for all
vessel and\adjoining materials,

b) the relationship between RTypt and AAntegrated neutron
flux (fluence, @t energies great than one Mev), and

¢) the fluence at the location of/a postulated flow.

The initial RTypp of the \pain closure flange, the shell and
head materials connecting Yo $hese flanges, and connecting
welds is 10°F. However, thd/vertical electroslag welds which
terminate immediately beloy’ the vessel flange have an RIypr

of 40°F. (Reference Apperidix R to the FSAR) The closure
flanges and connecting ghell materials are not subject to any
appreciable neutron radiation exphsure, nor are the vertical
electroslag seams. e flange ared is moderately stressed by
tensioning the head/bolts. Therefory, as is indicated in
curves (a) and (b)Y of Figure 3.6.1, the minimum temperature of
the vessel shell/immediately below the essel flange is :
established as/100°F below a pressure of \A400 psig. (40°F +
60°F, where °F is the RTypr of the electroslag weld and -
60°F is a cgnservatism required by the ASME\Code). Above
approximatfly 400 psig pressure, the stresses\associated with
pressuriZation are more limiting than the boltlng stresses, a
fact thAt is reflected in the non-linear portiom\ of curves (a)
and (¥). Curve (c), which defines the temperatura limitations
for £ritical core operation, was established per Section IV
2.¢. of Appendix G of 10CFR50. Each of the curves, {a), (b)

d (c) define temperature limitations for unirradiated ferric
steels. Provision has been made for the modification oX these
curves to account for the change in RIypr as a result of
neutron embrittlement. ..

3897a
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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 hiﬁh 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

resents the pressure-temperature curves for those operating conditions;
nservice 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 (RTypT) 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 region; 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 height of the reactor
core (between the bottom and top of active fuel), and is subject to an
RTNpT adjustment to account for irradiation embrittiement. The
non-ggl—tline and closure flange regions receive insufficient fluence to
necessitate an RTypT 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 RTypT for
all vessel and adjoining materials; 2) the relationship between RTypT
and integrated neutron flux (fluence, at energies greater than oneWev);
and 3) the fluence at the location of a postulated flaw.

Boltup Temperature

The initial RTpT 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 RTypT of 40°F. Therefors, the
minimum allowable boltup temperature is established as 100°F
(RTNpT + 60°F), which includes a 60°F conservatism required by the
original 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 100°F for
reactor pressures less than 312 psig. This 100°F minimum boltup
temperature is based on a RTypT of 40°F for the electroslag weld
immediately below the vessel h‘ange and a 60°F conservatism required
by the original ASME Code of construction.

At reactor pressures greater 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 RTypT of 40°F and a
90°F conservatism required by 10 CFR 50 Appendix 8¥or 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 flange 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

ZNLD/ID963:19

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 psig, 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
%?Flimits. ince Curve B is more limiting, Curve C is Curve B plus

20f2
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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
(shel1) 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 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.
urization Temperature
The reactor coola em is a primary barrier } he release of
fission products to the envir In 0 provide assurance that this
barrier is maintained at a h ree integrity, restrictions have been
placed on the operatingTconditions to which it subjected. These
restricti n inservice hydrostatic testing, on heatup ldown, and on
INSERT
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critical core operation shown in Figure 3.6-1, were established to be in
onformance with Appendix G to 10CFR50.

In éyaluating the adequacy of ferritic steels Sa302B it is necessary thag”the
following be established:

1. \Jhe reference nil-ductility temperature (RTNDT) for all yéssel and
adjoining materials.

2. The hrelationship between RT DT and integrated neutrpf flux
(fluende, at energies > Mevy, and

3. The fluence at the location of a postulated fldw.

'The initial RT§R1 of thaymain closure f]ange,.the she1l and head materials
s

connecting to e flanges, and connecting welds 3§ 10°F. However, the
vertical electroslag welds Which terminate immedjdtely below the vessel
flange have an RT T of 40°F\(Reference AppendiX F to the Dresden FSAR). The
closure flanges aHg connectingN\shell materialg are not subject to any
appreciable neutron radiation exposure, norare the vertical electroslag
seams. The flange area is moderately strgésed by tensioning the head bolts.
Therefore, as is indicated in curves\(a)”and (b) of Figure 3.6-1, the minimum
temperature of the vessel shell immeddqtely below the vessel flange is

_established as 100°F below a pressure oKk 400 psig. (40°F + 60°F, where 40°F

is the RT of the electroslag weld and 6Q°F is a conservatism required by
the ASME EBEe). Above approximajely 400 psig pressure, the stresses
associated with pressurization Are more 1imityng than the bolting stresses, a
fact that is reflected in the/non-linear portioq of curves (a) and (b).

Curve (c), which defines the temperature limitatigns for critical core
operation, was established per Section IV of Appendix G of 10CFR50. Each of
the curves, (a), (b) and’(c) define temperature limitations for unirradiated
ferritic steels. Proyfsion has been made for the mod¥ication of these curves
to account for the g¢Hange in RTNDT as a result of neutrdq embrittlement.

The withdrawal sghedule in Table 4.6-2 is based on the threr capsule
surveillance ppbgram as defined in Section II.C of 10 CFR 50 Wppendix H. The
accelerated gdpsule (Near Core Top Guide) are not required by Appendix H but
will be tegfed to provide additional information on the vessel material.

This surveillance program conforms to ASTM E 185-73 "Recommended Prastice for
Surve¥ilance Tests for Nuclear Reactor Vessels" with one exception. e base
meta! specimens of the vessel were made with their longitudinal axes pangllel
to/the principle rolling direction of the vessel plate.

3.6/4.6-17 Amendment No. 134
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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; Inservice 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 (RTpT) 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 beitline region; 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 height of the reactor
core (between the bottom and top of active fuel), and is subject to an
RTnpT adjustment to account for irradiation embrittlement. The

non- t;litline and closure flange regions receive insufficient fluence to
necessitate an RTypT adjustment. These regions contain components
which include; the reactor vessel nozzles, closure flanges, tog 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 RTnpT for
all vessel and adjoining materials; 2) the relationship between RTypT
and integrated neutron flux (fluence, at energies ?reater than oneWev);
and 3) the fluence at the location of a postulated flaw.

Boltup Temperature

The initial RTppT 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 RTnpT of 40°F. Therefore, the
minimum allowable boltup temperature Is established as 100°F
(RTypT + 60°F), which includes a 60°F conservatism required by the
original ASME Code of construction.

10of3
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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 RTypT of 40°F for the electroslag weld
immediately below the vessel hlange and a 60°F conservatism required
by the original ASME Code of construction.

At reactor pressures greater 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 RTypT of 40°F and a
90°F conservatism required by 10 CFR 50 Appendix 8 or 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 flange 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. -

Curye 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 durin?l 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 ﬁsi%,opressurization 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-beltiine
region is limiting between approximately 110 psig and 830 psig.

Above approximately 830 psig, the beltline region becomes limiting.

ve G - 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
2(r)oBFlimits. Since Curve B is more limiting, Curve C is Curve B plus

20f 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 I1.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. .

3of3
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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 | 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
operauon.

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 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 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. '

ization Temperature

The reactor collan is a primary barrier against the release of fission produ e environs. In order
to provide assurance that this ief_is maintained at a high degree of i ty, restrictions have been placed
on the operating conditions to which it subjecte restrictions on inservice hydrostatic testing,
on heatup and cooldown, and on critical cor ~shown in Figure 3.6.1, were established to be in con-
formance with Appendix G to 10 :

In evalua adequacy of ferritic steels Sa302B it is necessary that the following be € ished:
- TINSERT
\ 4/
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1. The reference nil-ductility temperature (RTNDT) for all vesse! and adjoining materials.
2.°1he relationship between RTypr 2nd integrated neutron flux (fluence, at energies >1 Mev), acd
3. The flusgee at the location of a postulated flaw.

The initial RTyp}hof the main closure flange, the shell and head materials connecting $othese flanges, and con-
necting welds is 10" P\ However, the vertical electroslag weids which terminate ipffiediately below the vessel
flange have an RT\pT 40°F. Reference Appendix F to the Dresden FSAR! The closure flanges and con-
necting shell materials are Ma¢ subject to any appreciable neutron radiagién exposure, nor are the vertical
electraslag seams. The flange ared\s moderately stressed by tensioning the head bolts. Therefore, as is indicated
in curves (2) and (b) of Figure 3.6.1 the minimum temperature of the vesse] shell immediately below the vessel
flange is established as 100°F below a ure of 400 psig. (4Q°F + 60°F, where 40°F is the RTypr of the
electroslag weld and 60°F is a conservatismxgquired by the ASME Code). Above approximately 400 psig pres-
sure, the stresses associated with pressurization_are e limiting than the bolting stresses, a fct that is
reflected in the nondinear portion of curves (a) an . Curve (c), which defines the temperature imitations
for critical core operation, was established per Sectfon W 22 of Appendix G of 10CFRS0. Each of the curves,
(a). (b) and (c) define temperature limitationsfor unirradiaed ferritic steels. Provision has been made for the
modification of these curves to account fopthe change in RTx; g as a result of neutron embriziement.

The withdrawal schedule in Table 4.6.2 iw based on the three
capsule surveillaxde program as éefinec in ction 1l.C.3.2 of
10 CFR 50 Apoepdix 1. The accclerated carsu (iiear Core Top
Guide) are n recuired by Appendiz I but wiliNpe tesied o
provide addational information on the vessel matdgial,

This surVeillance program conforms to ASTi E 185-73 ecczmended
ractite for Surveillance Testes £or Nuclear Rezctor Vedgels" with

one €:xception., Thec baze metal specinmecns oI the vessel wsge rade

wix€h their longizucdinal ames parallel to the principle reciding
irection of the vessel plate,

3.6/46-9 Ameadment Nc. 7
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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; Inservice 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 reterence nil-ductility transition
temperature (RTypT) as a result of neutron embrittiement. 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 region; 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 height of the reactor
core (between the bottom and top of active fuel), and is subject to an
RTNpT adjustment to account for irradiation embrittlement. The
non-ge-ll-tline and closure flange regions receive insufficient fluence to
necessitate an RTypT 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 tﬁat 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 RTyp for
all vessel and adjoining materials; 2) the relationship between RTypT
and integrated neutron fiux (fluence, at energies greater than onew?ev);
and 3) the fluence at the location of a postulated flaw.

Boltup Temperature

The initial RTpT 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 RTypT of 40°F. Therefore, the
minimum allowable boltup temperature is established as 100°F
(RTnpT + 60°F), which'includes a 60°F conservatism required by the
original ASME Code of construction.

10of 3
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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 boltu
temperature is based on a RTypT of 40°F for the electroslag weﬁj
immediately below the vessel h‘ange and a 60°F conservatism required
by the original ASME Code of construction.

At reactor pressures greater than 312 gsig the minimum vessel metal
temperature is established as 130°F. The 130°F minimum

- temperature is based on a closure flange region RTNB of 40°F and a

90°F conservatism required by 10 CFR 50 Appendix G tor 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 flange 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.

rve B - - lear up/Cooldo

- 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-beitline and beltline regions, with the beltiine region
temperature limits having been adjusted to account for vessel
irradiation (up to a vessel exposure of 16 EFPY). The non-beltiine
region is limiting between approximately 110 psig and 830 psig.
Above approximately 830 psig, the beltline region becomes limiting.

Curv - Core Critical Operation

ZNLD/ID963:14

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
26?Flimits. ince Curve B is more limiting, Curve C is Curve B plus

20f3



INSERT '4’' (CONTINUED)

The withdrawal schedule in Table 4.6-2 is based on the three capsule
surveillance program as defined in Section I.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.

30f3
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ATTACHMENT C

'FIGURE 3.6.1
FOR |
DRESDEN UNITS 2 AND 3
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ATTACHMENT D

FIGURE 3.6-1
FOR
QUAD CITIES UNITS 1 AND 2
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