ATTACRIENT A

REACTOR COOLANT SYSTEM

3/4.4.9 PRESSURE/TEMPERATURE LIMITS
REACTOR COOLANT SYSTEM

LIMITING CONDITION FOR OPERATION

3.4.9.7 The Reactor Coolant System (except the pressurizer) temperature and
pressure shall be limited in accordance with the limit Tines shown on
Figures 3.4-2 and 3.4-3 during heatup, cooldown, criticality, and inservice
leak and hydrostatic testing with:

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

¢. A maximum temperature change of less than or equal to 10°F in any
one hour period during inservice hydrostatic and leak testing
operations above the heatup and cooldown limit curves.

APPLICABILITY: At all times.

ACTION: -

with any of the above 'imits exceeded, restore the temperature and/or pressure
to within the Timit within 30 minutes; perform an engineering evaluation to
determine the effects of the out-of-limit condition on the fracture toughness
properties of the Reactor Coc'ant System; determine tnat the Reactor (oolant
System remains acceptable for continued ocperation or de in at least HOT STANDBY
within the next 6 hours and reduce the RCS T and pressure to 'ess than

200°F ana 500 psig, respectively, within tﬂo“ﬂi!ouinq 30 hours.

SURVEILLANCE REQUIREMENTS

44931 The Reactor Coolant System temperature and pressure shall bde
determined to be within the limits at least once per 30 minutes during systea
Reatup, cooldown, and inservice leak and hydrostatic testing operations

4.49.1.2 The reactor vesse! material irradfation survei!lance specimens
shall be removed and examined, to determing changes 'n material properties, at
the intervals requires vy 10 CFR S0, Appendix M in accordance with the schedule
in Table 4 4-5.  The results of these examinations shall be used to update
Figures 3.4-2 ang 1. 4-3
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REACTOR VESSEL MATERIAL SURVEILLANCE PROGRAM - WITHORAWAL SCHEDULE
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REACTOR COOLANT SYSTEM PRESSURE (PSIG)

REACTOR COOLANT SYSTEM
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Figure 14 2 Reactor Coolant System Pressure Temperature Limits Versus 100°F Mour .-»

Heatup Rate Crucabty Limit and Inservice Leak Test Limit

SUMMER - UNIT 1

3/4 4-31




REACTOR COOLANT SYSTEM PRESSURE (PSIG)
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REACTOR COOLANT SYSTEM

BASES

SPECIFIC ACTIVITY (Continued)

The ACTION statement permitting POWER OPERATION to continue for limited
time periods with the primary coclant's specific activity greater than 1.0
microcuries/gram DOSE EQUIVALENT [-131, but within the allowable limit shown
on Figure 3.4-1, accommodates possible iodine spiking phenomenon which may
occur following changes in THERMAL POWER. Operation with specific activity
levels exceeding 1.0 microcuries/gram DOSE EQUIVALENT [-131 but within the
limits shown on Figure 3.4-] must be restricted to no more than 800 hours per
year (approximately 10 percent of the unit's yearly operating time) since the
activity levels allowed by Figure 3.4-] increase the 2 hour thyroid dose at
the site boundary by a factor of up to 20 following a postulated steam generator
tube rupture. The reporting of cumulative operating time over 500 hours in
any 6 month consecutive period with greater than 1.0 microcuries/gram DOSE
EQUIVALENT I-131 will allow sufficient time for Commission evaluation of tne
circumstances prior to reaching the 800 nour limit.

Reducing Tavg to less than 500°F prevents the release of activity should -
a steam generator tube rupture since the saturation pressure of the primary
coolant is below the 1ift pressure of the atmospheric steam relief valves.
The surveillance requirements provide adequate assurance that excessive specific
activity levels in the primary coolant will be detected in sufficient time to
take corrective action. Information obtained on iodine spiking will be used
to assess the parameters associated with spiking phenomena. A reduction 1n
frequency of isotopic analyses following power changes may be permissible if
justified by the data obtained.

3/4.4.9 PRESSURE/TEMPERATURE LIMITS

The temperature and pressure changes during heatup and cooldown are
limited to be consistent with the requirements given in the ASME Boiler and
Pressure Vessel Code, Section [II, Appendix G.

1)  The reactor coolant temperature and pressure and system heatup and coc!down
rates (with the exception of the pressurizer) sha!! be 'imited 'n accordance
with Figures 3. 4-2 and 3 4-] feorthefinsi Sullaponer 505108 85100

a) Allowable combinations of pressure and temperature for specific
temperature change rates are below and to the right of the '1mt
lines shown. Limit lines for cooldown rates Detween those presented
may be obtained by interpolation
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REACTOR COOLANT SYSTEM

BASES

PRESSURE/TEMPERATURE LIMITS (Continued)

2)

3)

4)

5)

b) Figures 3.4-2 and 3.4-3 define limits to assure prevention of non-
ductile failure only. For normal operation, other inherent plant
characteristics, e.g., pump heat aadition and pressurizer heater
capacity, may limit the Neatup and coo'down rates that can be
achieved over certain pressure-temperature ranges.

These limit lines shall be calculated periodically using methods provided
below.

The secondary side of the steam generator must not De pressurized above
200 psig if the temperature of the steam generator is Delow 70°F.

The pressurizer heatup and cooldown rates shall not exceed 100°F/hr and
200°F/nr respectively. The spray shall not be used if the temperature
differenca Detween the pressurizer and the spray fluid is greater than
625°F.

System in-service leak and hydrotests shall be performed at pressures in
accordance with the requirements of ASME Boiler and Pressure Vessel C9¢.,

Section XI. .

The fracture toughness properties of the ferritic materials in the reactor
Jesse! are determined in accordance with the 1372 Summer Addenda to
Section [I1 of the ASME Boiler and Pressure vessel Code.

Heatup and cooldown Timit cyrves are calculated using the most 1imiting va'ue

of .YnoT (reference nil-ductility temperature). The most 1imiting lY"DY
of the material in the core region of the reactor vessel s determined By
using the preservice reactor vessel matertal properties and estimating the
radiation-induced ART RT is designated as the higher of either

NOTS NDT
the drop wefght nil-ductility trarsition temperature (NOTT) or the temperatyre

t which the material exnidits at least SO ft 1b of impact energy ans 35-mi!
latera! expansion (normal to the major working direction) minys 60°F

'Y~C' fncreases as the matertal ‘s exposed to fast-neytron radiatien Thys,
fing the mcst limiting =’~,, at any time periog 'n the reactor's life,
-
Ai7~q. cdue %0 the radiation exposyre assoctated with that time period Must
0

De addec tc the original ynir-agtated i’~a. The extent of the shift in
i’~:. is enranced Dy certa‘n chemical elements (sucC™ as copper) present =
reactor vesse' stee’s fesigh Cyu=ves whiCh SFow the effect of fFlyence ars

te

copper content gon 35'~., for reactor vesse! steeis are $hown 0 Fig.eB 3/4 &4<2
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REACTOR COOLANT SYSTEM )
BASES _

P RATU IMITS (Continued)

Given the copper content of the mest limiting matertal, the radiation-ing ces

GR” .. Ca” De est mates from FlgL.ce BIMAY Fast mcegtrcn flyerte (£ > 1 e,

at the vesse' inner syrface, the 1/4 T (wall thickness), ang 3/4 T (wal
thickness) vesse! locations are given as a function of ful'l-power service )ife
in Figuredam. el The cata for all other ferritic mater:a's 1n the reactor
coolant pressure doundary are examined %o insyre that no other component wi

-
be 1imiting with respect to @7
. : NOT

The preirradiation fracture-toughness properties of the V. C. Summer uUnit |
reactor vesse) materials are presented in Tadled¥ev-i The fractyre-tougnness
properties of the ferritic matertal in the reactor cooldnt pressure doundary
are determined 'n accordance with the NRC Regulatory Standard Review
o\.n.[‘] The postirradtation fracture-toughness properties of the reactor
vesse) Deitline materia) were obtained directly from the V. C. Summer Unjit |
vessei Material Survetlllance Program. :

The ASME approach for calcy'ating the allowad'e 1imit cyurves for various
heatup and ccoldown rates specifies that the to%a’ stress intensity factor,

K., for the comdined the~ma! and pressure stresses at any time during heatup

I
or Co00'down Cannct De greate” than the refere~ce siress intensity facrer,

‘Xl‘ for te metal temperature at that time. l,. fs obtained from the
.
reference fraciire tougnness curve, defined ‘n Appendix G of the ASME

Ccacc‘[zI The K., curve 1s given Dy the eguatien

IR

‘;n © 26.78 + Y 223 exp [0.074% f'-5'~-. « 1800  Fquat,en 1

1. *Fracture Toughness Requirements, ® Branch Technica! Position MTER $-2,

Chapter $.3.2 1n St3andarg Review Plgn for the Review of Safety Analysis

Reports for N, :'ear Power Plants, LwR Ed'tion, NURES-0BCO, 798

2. Age ilgr gng - re ¥ ] . Sectien 111, Division 1 -

Appendices, °*R.'es for Camstruction of Nuclear vesse's,® Appgendis

*Protection Aga'nst Nomgucttle Fatlure,® pp. $959-9564, 1983 Eatt on,

American Society of Mecranica! Eng'neers, New vorx, 1981
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COMPONEN]

Closure Head
Head | lange
Vessel Flange
Inlet Nozzle
Inlet Nozzle
Inlet Nozzle
Outlet Nozzle
Outlet Nozzle
Outlet Nozzle
Nozzle sShell
Nozzle Shell
Inter Shell
Inter. Shell
Lower Shell
Lower Shell
Irans Ring
Bottom Head
Core Region wWeld
we ld HAZ

MATERIAL TYPE

A533-B-Class 1

SAS08 Class
SAS08 Class
SAS08 Class
SAS08 Class
SAS08 Class
SAS08 Class
SAS08 Class
SAS08 Class
A533-8-Class
A533-B-Class
A533-B-Class
A533-B-Class
A533-B-Class
AS533-B-Class
A533-8-Class
A533 B Class

NNNNNNN N
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IABLE B 3/4.4-)

REACTOR VESSEL TOUGHNMESS

Cu

13
12
10
09

™

010
009
009

ull

NOT T
(°F)

MIN. 50 FT-18
35 ML Tewe.

. L

40
<60
<60
<40
<60
<40
<50
<50
<50

8

86

90

40

70

70

23

42

16
-37

ll.nl

(F)
-20
10
0
-20
0
-20
-10
-10
0
18
26

AVG. UPPER
SHELF (FT-LB

106
129
172
130
114.5
135
146
165
150
100 5
9
80 5
106 5
9.5
106
107
134
684
130



REACTOR COOLANT SYSTEM
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REACTOR CCOLANT SYSTEM
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REACTOR COOLANT SYSTEM
BASES

where ‘tl
meta! temperature T ang the meta! reference ntl-guctt 'ty temperat.re

'T~07'
defined in Appencixz G of the ASME Code as follows

is the reference stress intensity Factor as a function of the

Thus, the governing equation for the meat.p-:c2'down ara'ys s s

Chim* % e £%n Equatizn (1)

where o

‘ln 15 the stress 'ntens ty factor caysed Dy memirane (pressure) stress

K,. 15 the stress Intensity facior caused Dy the therma! gradients

c -'2.0 for Leve! A and Level B service limits

C = 1.5 for hydrostatic and leak test conditions during which the reactor
core is not critical

At any time during the heatup or ccoldown transient, (Il is determined Dy
the meta) temperature at the tip of the postulated flaw, the appropriate value

for .YNC"
resu'ting from temperature gracdients through the vesse! wall are calculated

and the reference fractyre toughness curve. The therma) stresses

and then the corresponding (thermal) stress intensity factors, ‘lt’ for the
reference flaw are computed. From Equation 2 , the pressure stress
intensity factors are odbtained and, from these, the allowadle pressures are
caleulated

COOLDOWN
For the calcy'ation of the allowadle pressure-versyus-coolant temperature
during coocldown, the Code reference flaw 15 assumeg to exist at the insige of
the vesse! wall. Qurinrg cco'down, the contralling location of the flaw 18
always at the insice of the wa'!l Decause the thermma' gradients produce tensi'e
stresses at the ‘nside, which increase with iIncreas ng cooldown rates
Allowalle pressyre-temperatyre relgtions are generaced for Doth steady-state
and finite conldowr rate situaticns From these re'ations, compos‘te limit

CUrves are constructed for each co0lgown rate of interest

SUMMER - UNIT 1 8 3/4 &-11




REACTOR COOLANT SYSTEM

BASES

The use of the composite curve in the cooldown analysis 1s necessary because
contro) of the cooldown procedyre 1s Dased on measurement of reactor coolant
temperature, whereas the 1imiting pressure 1s actually dependent on the
material temperature at the tip of the assumed flaw

During cocldown, the 1/4 T vessel location 1s at a higher temperature than the
fluig aclace: to the vesse!l I0.  Thts condition, of course, s not true for
the steady-state situation. It follows that, at any given reactor coolant
temperature, the AT developed during cooldown resylts in a higher value of

‘Il at g:e 174 7 location for finite cooldown rates than for steady-state
operation. Furthermore, 1f conditions exist such that the increase in ‘ll

excesds 'Xt' the raleylated allowadle pressure during cooldown will be
greater than the steady-state value.

The above procedures are needed because there is no direct control on
temperature at the 1/4 T location and, therefore, allowable pressures may
unknowingly be violated {f the rate of cooling is decreased at various
intervals along a cooldown ramp. The use of the composite curve eliminates
this problem and insures conservative operation of the system for the entire
cooldown period.

Three separate calculations are required to determine the limit curves for

finite heatup rates. As is done in the cooldown analyzis, allowable
pressure-temperature relationships are deveioped for steady-state conditicns -
as well as finite heatup rate conditions assuming the presence of a 1/4 7

defect at the inside of the vesse) wall. The therma' gradients during heatup
produce compressive stresses at the inside of the wa'!l that alleviate the
tensile stresses produced By internal pressyre. The meta’l temperatyre at the
crack tip lags the coclant temperature; therefore, the K _ for the 1/4 7

crack during heatup 1s lower than the ‘ll for the 1/4 7 é:acl during
steady-state conditions at the same coolant temoerature. Quring heatup,
especially at the end of the transient, conditions may exist such that the
effects of compressive thermal stresses and lower ‘xa" do not ofiset each
other, and the pressure-temperatyre curve bDased on steady-state conditions no

SUMMER - UNIT 1 B 3/4 4-12




BASES

longer represents a lower bound of all similar curves for finite heatup rates
when the 174 T flaw 1s considered. Therefore, hoth cases have 10 De analyzec
in order to insure that at any coolant temperature the lower value of the
11lowable pressure calculated for steady-state ana finite healup rates is
obtained.

The secong port;on of the heatup analys's concerns the calculation of
pressure-temperature 1imitations for the case in which a 1/4 T deep outside
surface flaw 1s assumed. Unlike the sityation at the vesse! inside surface,
the therma' gradients estad’ished at the outside syrface during heatup produce

tresses which are tens'le fn rature and thys tend to reinfcrce any pressure
stresses present. These thermal stresses are dependent on bDoth the rate of
heatup and the time (or coolant temperature) along the heatup ramp. Since the
thermal stresses at the outside are tensile and increase with increasing
heatup rates, each heatup rate must be analyzed on an individual basis.

Following the generation of pressure-temperature curves for both the
steady-state and finite heatup rate sftuations, the fina) limit curves are
produced by constructing a composite curve Dased on a point-by-point
comparison of the steady-state and finite Reatup rate data. At any given
temperature, the allowable pressure 15 taken to be the lesser of the three
values taken from the curves under consideration. The use of the composite
curve 1s necessary to set conservative heatup limitations Decause it i
possible for conditions to exist wherein, over the course of the heatus =amp.
the controlling concdition switches from the inside to the outside and the
pressure 1imit must at all times de based on analysis of the most critica’

critericn

Then the composite curves for the heatup rate data ang the Cooid0wn
rate data are adjusted for possible errors in the pressure and temperature
sensing instruments by the values ingicated on the respective curves

Finally, the new 10CFRS27Y ryule which addresses the meta) temperature of
the closure head flange and vessel flange regions s considered. This 10CFRSD
rule states that the metal temperature of the closure flange regions myst

exceed the material RT __ by at least 120°F for normal operation when the

3. Code of Federal Regulations, YOCFRSC, Appendix G, *Fracture Toughress
Requirements,® U.S. Nuclear Regulatory Commission, washington, 0.C.,
Amenced May 17, 1983 (48 Feceral Register 240°0)
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BASES

pressurc exceeds 20 percent of the preservice hydrostatic test pressure (62°
psig for v. C. Summer Unit ). Table®dusiindicates that the limiting RY
of YU®F occurs in the head flange of v. (. Summer unit Y,  and the m‘n1m.:°T
a)lowadle temperatyre of th's region s ° Q°F at pressures greater than 62!
psig.

Limit curves for normal heatup and cooldown of the primary Reactor Coolant
System have been calculated using the methods discussed The
derivation of the 1imit curves is presented in the NRC Regulatory Standard
Review Plan.t*) '
Transition temperature shifts occurring in the pressure vessel materials due
to radiation exposure have been obtained directly from the reactor pressure
vessel surveillance program. (harpy test specimens from Capsule U indicate
that both the surveillance weld metal and core region intermediate she.’ plate
code no. A9154-)1 exhibited shifts in n"ot of 30°F at a flyence of 6.39 x

10'® azem?. This shift ds well within the appropriate design curve
(Figure®ana)precdiction. Therefore, the heatup and cooldown curves in Figures
5.1 and s4-3 are based on the trend curve in Figure B4« and these curves are
applicable up to 8 effective fu)) power years (EFPY)  The heatup curve in
Figure 392 1s not impacted By the new 1OCFRSO rule. wowever, the cooldown
curve In Figure 3u-31s impactee Dy this 10CFRSO rule.

Allowable comdinations of temperatyure and pressure for specific temperature
change rates are below and to the rignt of the 1imit 1ines shown on the heStuP
and cooldown curves. The reactor myst not be made critical until
pressure-temperature compinations are to the right of the eriticality Timit
Tine shown in Figure 3.4-2, This s in acgition 1o other criteria which myst Ce
met hefore the reactor 15 made critical

The leak test Yimit zueye ghaue in Figyre Ju-l represents MISIALE temperat.re
requirements at the ‘ear test pressure specified by applicatle codes. The

leak test 1imit curve was determined by methods of References 2 and 4

Figures 34-1 and 3m 3 define 1'mits for insuring prevention of nonductile

failyre

.

4. *Pressure-Temperature L'mits, ® Chapter §.3.2 in Standgrd Review Plgn faor
the Review of Safety Aralysis Reports for Nuclear Power Plants, Lwk

Edition, NUREG-08CC, 198!
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Although the pressurizer operates in temperature rianges 3iLO.e those far
«hich there is reason for concern of non-duct'’e fai'ure, cperating 'imies
are provided to assure compatibility of operation w'th iRe fat'gue ana'ys's
performed 17 accordance with the ASME Code requirements

The OPERABILITY of two RMRSRVs or an RCS vent opening of at 'east 2 7 square
inches ensures that the RCS will be protected from pressure transients wnich
could exceed the limits of Appendix G to 10 CFR part 50 when one or more cf the
RCS cold legs are less than or equal o J00°F. Either SIMRSAV nas adeguate
relieving capapility to protect the RCS from overpressur'zation when the
transient 1s 'imited to either (1) the start of an igd'e RCP with ihe secongary
water temperature of the steam generator 'ess than or equa! %o 50°F apove tne
RCS cold leg temperatures or (2) the start of a WPSI opump ana 'ts inject sn
into a water soliad RCS.
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ATTACHMENT B

No Significant Hazards Determination

The proposed changes to the Technical Specifications include
revisions to section 3/4.4.9, "Pressure/Temperature Limits -
Reactor Coolant System," and its bases. These changes are beling
requested as a result of the information obtained from the review
of the first survelllance capsule removed from the reactor vessel.
Resulits of this review are contained in the Westinghouse Topical
Report WCAP 10814, "Analysis of Capsule 'U' from the South Carolina
Electric and Gas Company Virgil C, Summer Unit 1 Reactor Vessel
Radiation Survelillance Program" transmitted to the NRC Staff by a
letter dated November 8, 1985 from Mr. D. A. Nauman to Mr, H., R.
Denton. SCEAG has determined that the proposed changes involve a
no significant hazards determination.

The amendment will not:

1)

2)

3)

involve a significant increase in the probability or
consequences of an accident previously evaluated because the
changes are being made to make the Technical Specifications
more accurate as a result of the data obtained from the review
of the first reactor vessel specimen;

create the ponssibility of a new or different kind of accldent
from any accident previously evaluated because the physlical
plant design is not being changed; or

involve a significant reduction in a margin of safety because
the change will make the Technical Specifications reflect the
requirements dictated by the predicted service l1life conditions
of the reactcr vessel,




