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il . INTRODUCTION-
~

. 11_mitingsalue ?m
7, ..

Heatup andicooldown limit curves are calculated using theimost|
.

~'

li
--

.- ..

lpJThe?-
. .

. ,,

'~ f RTNTD reference nil-ductility temperature) forithe reactor vesseNDT;of the' materialfin the core region offtheTreactor ve
4 .

I ,
.

ss.el Jjw, o

[' f itoughA h
;mostilimiting-RTis determined by using' the preservice reacto'r vesselimaterialf ractures M5T T sj

~

<

ness properties and estimatin'g the radiation'-inducedNDT. NDT'

nsitio,nfpq i t

designated as the higher of>either the drop | weight! nil-ductil ty- raexhibitsiattleastbgj
~

lr

[ temperature.(NOTT) or the temperature at which.the1 materiai/to;.themijor? $
SO ft-lb'of impact energy and.35-mil /lateralfexpansion (norma

' ''
.

a
working direction)~minus 60*F. ;

,

f st-neutron radiation.
NDT increases as the material is exposed to aNDT|at,anytimefperiod;inthe[g:7

7RT

:Therefore, to' find t'he most: limiting RT dNithjthatj' S~

NDT.due to the radiation exposure associate TheFoxtent[ofb jreactor's life, ART
time. period ;must be ~ added toithe original 'unitradiated'RTNT. o Easicoppdr5

is enhanced by certain= chemical (elements (suc '

l t ry|
>

the shift in RTNDT
and: nickel) present..in-reactor vessel steels; ,The Nuclear?Regu a o(sobrittismenC'

'

Commission'_(NRC) has. published a ' method' foripredicting radiationt IVesse1[Je s

in Regulatory Guide.l.99..Rev. 2-(Radiation Embrittlement"of Reac or
Regulatory Guide 1.99, Revision 2 is used|for?the'' ' values at 1/4T'and;3/4T locations (T is/the?thidkness W

~. ,

E
;Matertai:) .y

.

9
calculation of RTNDT

~

of the v'essel at_the beltline region).y

,

..

s

FRACTUREsTOUGHNESS PROPERTIESL -

p
2.

- .

>'

f i ithe reactor?
The: fracture-toughness properties.of the ferriticTmate tal inktheiNRCReg'ulatorg

m ,.
.

. .

..

coolant; pressure boundary are determined.in|accordance: witrl:tes i
' f 3

Standard Review Plan [2b The' pre irradiation fracture-toughness propedlin!tablellk w ,7

of.Braidwood Unit 1. of the reactor vesselsf areTpresente/ ~ 9&

M~"

an - . .

'

'

'Q)-4
,

J/
U

%
1 .,
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" - 3:|CRIYERIAFOR-ALLOHABLEPRESSURE-TEMPERAkURERELATIONSH3PS'e:.,

The'ASHE app oac'h for1 calculating.the allowable limit curves for various
heatup and.Cooldown rates specifies that theitotal~ stress (intensity factorj--g j

. K , for.the combi.ned: thermal and. pressure stresses.at any time during heatupc
-

g ity factor,.
'or cooldown cannot be greater than the reference; stress.intens

|K I8'obtained from the?
.KiR,forthemetaltemperatureatthat' time.

''

-

IR
ithe ASME.

. reference fracture toughness curve, defined'in' Appendht G to '

CodeE33. The K
curve is given by t'he following. equation:

. yp t,

(1)'
7g - 26.78 + 1.223 exp IO.0145 (T-RTNDT + 160))

,

K"

p
' '

where
..

.

-li ;

gg - reference stress intensity factor as a function of-thelmeta
.

.

.
.. . .. '

~ t ?K -

. temperature T and the metal: reference nil ductility tempera ureij. .

RT
NOT

Therefore,;the. governing equation for the heatup-cooldown' analysis |isidefined.,

I3L ,3 7,jjo,3j
in Appendix G of the ASHE Code <

.(2).. ,

'

I KCKyg + KIT IR
/I

i

where -

ksh w
yg - stress intensW f actor,. caused V memkane bnnun ->

K

IT
. stress intensity factor' caused.by the thirmal gradients ~

K

gg
4unctjon of temperatun f.elatfn .to the-RTNOT of;theLmaterialy -- 9K ;.

- 2.0.for Level A arid Level B servicellimits-C-
'

during,whidhithe; reactor
.- li5.for hydrostaticiand leakitest conditions

C ,

core is not critic'al'
.

J
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'

is determined byAt any time during the heatup' or cooldown transient,. Kyp
the metal temperature at-the tip of the postulated flaw, the appropriate value

The thermal stresses
NDT, and the reference fracture toughness curveafor RT

resulting from the.. temperature gradients through the vessel wall are
calculated and then the corresponding (thermal) stress ' intensity; factors,

From equation 2, the pressure
IT, for the reference flaw are computed.K

stress intensity factors are obtained and, from these, the allowable pressures-

are calculated.

For the calculation of the allowable pressure versus coolant temperature
during cooldown, the reference flaw of Appendix G to the ASME Code is assumed i

to exist at the inside of the vessel wall. During cooldown, the controlling
locatica of the flaw is always at the inside of the wall because'the thermal'p

gradients produce tensile stresses at the inside, which increase with
increasing cooldown rates. Allowable pressure-temperature relations are

From
generated for both steady-state and finite cooldown rate situations.
these relations, composite limit curves are constructed for each cooldown-rate

of interest.

The use of the composite curve in the cooldown analysis is necessary because
control of the cooldown procedure is based on the measurement of reactor
coolant temperature,-whereas the limiting' pressure is actually dependent on
the material temperature at the tip of the assumed flaw.

During cooldown, the 1/4 T vessel location is at a higher temperature than>the'
fluid adjacent to the vessel ID. -Tiits condition,-of course, is not true for-

-

It follows that, at. any given reactor coolantthe steady-state situation.
temperature, the AT developed during cooldown results in a higher value.o'l

at the 1/4 T location for finite cooldown rates than for. steady-state
K

Furthermore,'.if conditions exist so that the increase'in K
gg yp

operation.
IT, the calculated allowable pressure'during cooldown will'be'exceeds K

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 if the rate of cooling is decreased at various

3
08310:10/091390
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Jintervals::alongacooldownramp.'?TheUse'o[the'comphsitescurveieliminates'

d;'
' this. problem 4nd ensures conservative operation of th'e . system foM theint_ ire

g

'

:W '*' cooldown(period.'
..

.%h i' 'Three separate calculationsfare required to' determine the limit curves for
- ,

'''

; finitetheatup? rates. As ist one-in :-the cooldown; analysis,, allowablenpressuren _ <
~

d
~

1temperaturerelationshipsaredevelopedforstEady-state'conditionsjs'weillas?
finite heatupirate conditions assuming the presence of;a:1/4 T-defedt at dhen

4/
.

. . '

, the tenstleistressestproduced by. interna 17. .. .

>
.g,n ,

/j

inside of the: wall that alleviate
- ^

]
,

. .

,

<- , .? - W
' 'The. meta 1' temperature at'the crack:tipilags' the coolant'_pressure.

temperature; therefore, the.KIR for-the'1/4;Tierack during heatuplisflower-
,,y

T crackJduring: steady-state conditions"atfthe sameL '
than the KIR for the 1/4'. ' <

~

h
: coolant temperature; -During'heatup.:especially:at the end of;the? transient. .%
conditions may exist so that the 2ffects of = compressive th'ermal stresses 1andF1.

h
lowerKgg'sdonot.Offseteachother,_andfhepress'ure-temperature; curve;

,

based on: steady-state conditions no longer represents a lower bound'offall
similarcurvesforfiniteheatup:rateswhen!the1/ETflawlis|considereda

. ;
-m

l ,(
Therefore.1both cases have to be1 analyzed in order to ensure that at any7;
coolant. temperature the lower value of the allowable pressure dalculated fori

_

0

steady-state and finite heatup rates is obtained.- ,,

v'.'

..

The'second portion of the heatup analysis concerns theicalculation of the- (~

# '

' Al
pressure-temperaturelimitationsforthecase:inwhicha71/4TdeepLoutdidel

t
''

Unitke:the situation at'the 'essellin'sidersurface;-v
surface flaw is assumed. %
the:thermalgradients:establishedattheoutsidesurfacedufingheatup| produce:

T

9

stresses'which:are~ tensile in natyre and therefore tend to7re,inforcefiany
,

- ,

1 _ pressure stresses present; These thermal stress'es:are dependent;on:bothitheh
i. s;,

rateofheatupandthe' time-(or-coolantt'emperaturchalongtheMeatup!rampy
. 7 h

~ a

Since' the thermalsstresses at the'outsi_deLare^ tensile and increase withi
increasing heatup rates.:each heatup rate;must be ana' lyze onan(individdall

'
'*

3,
s

basis; ,

,

'

? y
" ' Following the generation.of: press'ure-temperature curves for[both_'theistead p' , ,

ituations ;the' finalflimit curves;are prdducedd' y'

zstate and finite heatup' rate s
by| constructing.'acompostte'' curve:basedLon_;apointby-pointfcomparison|ofTthe)h' 2

,

Y- '

1 steady-state |and finite heatup rate' data. : At any give'n temperature.fthe;-

t

V

4
N 0^ 08',10:1D/091390! -,

' -

_ ''
,

,

.

I ^ ''' - | -y
.s.,

_
y

-

" '4 h4
__

_



, s.
allowable pressure is taken'to be the lesser of the three values-taken from -

the curves.under consideration. The use of the composite curve is necessary
to set conservative heattp limitations because it is possible for conditions
to exist wherein, over the course of the heatup ramp, the controlling
condition switches from the inside to the outside, and the pressure limit mud-
at all times be based on' analysis of the most critical criterion.

Finally, the 1983 Amendment to 10CFR50 .has a rule which addresses the
metal temperature of the closure head flange and vessel flange regions. Th s

rule states that the metal temperature of the closure flange regions must
exceed the material RT by at least 120*F for normal operation when.the

NDT
pressure exceeds 20 percent of the preservice hydrostatic test pressure.

Table 1 indicates that the initial R1'NDT of -10*F occurs in the vessel
flange of Braidwood Unit 1, so the minimum allowable temperature of this
region is 110*F. These limits are shown in figures 1 and 2 whenever
applicable.

'

4. HEATUP AND COOLDOWN LIMIT CURVES

Limit curves for normal heatup and cooldown of the primar_ aactor Coolant

System have been calculated.using the methods discussed in section 3.0.
Figure 1 is the heatup curve for 100*F/hr and applicable for the first 32 EFPY-
with margins for possible instrumentation errors. Figure 2.is the cooldown
curve up to 100*F/hr and applicable for the first 32 EFPY with margins _for

possible instrumentation errors. , ,

Allowable ccmbinations of temperature and pressure for specific temperature
change rates are below and to the right of the limit lines shown in figures 1
and 2. This is in addition to other crit 4rit which must be met before the
reactor is made critical.

The leak limit curve shown in figure 1 represents minimum temperature-
requirements at the leak test pressure specified by applicable codes [2.3) ,

The leak test limit curve was datermined by methods of references 2 and 4.

!
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Figures l'and 2 define limits for ensuring prevention'of nonductile failure
for the.Braidwood Unit 1 Primary Reactor Coolant System. .

e

5. ADJUSTED REFERENCE TEMPERATURE

From Regulatory Guide 1.99 Rev. 2 [1] the adjusted reference temperature (ART)
-

for each material in the beltline is given by the following. expression:

(3)-
ART - Initial RTNDT + ARTNDT + Hargin

,

is the reference temperature for the.unirradiated material as
Initial RTNOT
defined in paragraph NB-2331 of Section III of the ASME Boiler and Pressure

for the material inIf measured values of initial'RTNDTVessel Code.
question are not available, generic mean values for that class of material may.
be used if there are sufficient test results to establish a mean-and standard
deviation for the class.

is the mean value of the adjustment.in reference temperature caused.
ART

NOT
by irradiation and should be calculated as follows:

NDU,

ARTNDT - [CF)f

at any depth (e.g., at 1/4T or'3/4T), the followingTo calculate' ARTNDT
formula must first be used to attenuate the' fluence at the specific depth.

)- - -(5)
I(depth X) * Isurface(e *

l'
where x (in inches) is.the depth into the vessel . wall measured from' the vesse

The resultant fluence is then put into equation-(4),

inner (wetted) surface. '

at the spectfic depth.
to calculate ARTNDT

CF (*F) is. the chemistry factor, obtained from reference 1.
All materials. in

. the beltline region of Braidwood Unit:1 were considered for the limitingFrom table:2,.

NDT at 1/47 and 3/47 are summarized in table 2.material. RT
it'can be seen that.the limiting material-is intermediate to lower shell weld'
for heatup and cooldown curves applicable up to.32 EFPY

.A. sample calculation

for RT is shown in Table 3.
NDT

!
6<
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:BRAIDN000 UNIT 1.tREACTOR-VESSELLTOUGHNESSTABLEL(Unitradiated)?. , t. , -

ee. m
c *

n :
.

_

:.= I .
(

'

Cu'(%1- 'N$(%). -(*F)'

,

.ComoonentI
.. 5 .

,

~.

W 7-201
N,'

--
.

C1'osure.. head. flange (b)
r ~

..

- 10 .--.-
: Vessel . flange (b) ,*

'

.N,'i . ..

.05 '. 7 3 ;-30 *
,

Intermediate Shell
,

Forging 490383/49C344-1-1-
,

.03: .73 -20-
Lower Shell:. .

Forging'490667/49C813-1-1
.

. . . .
..

.04 (c): .67-(c) 401

Circumferential' Held WF562
, .x

'.

- .

) (

/
..

NDT va ues for the forgings.and weld are measured' values.u
~

,

.

'a

a. - The' initial RT

Tobe~usedfor-consideringflangerequirementsfbrheatup/cobidown?curvekO3r
b.

|

These values'from. Held Certification ~ Test Report WF562'are higher.-:.than;the::
ni

values of.0.03% Cu and 'Oi671 N1 used in the PTS submittal [53.-
c.

.j,

_+ t

1 -

'

,

.~'
,

' <

'I

p

~ ,

'
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ih
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TABLE 2
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g '

,
.

' -

u.
'

jSUMMARY OF ADJUSTED REFERENCE = TEMPERATURE :(ART)'AT .1/4T and.'3/4T1 LOCATION:
,

-

::gg y en ~ *

. . , .

[Mr:: '

,.

f

. , " ,

h

,

,'1y: 32-EFPY .|
;''I

9
j' i '
r .c '

RTNOT ATc
;,@

' 3 g';'gj 1/4T-('F1 ' 3/4T (*F)- ','

'

.

Comoonent
' '

.

140 ' 2 5 '-. o

Intermediate Shell
<

,

%
''

L15 : -

'
>

27,,

Lower Shell ,

.

f *I

159? 4135* ,

r[.. .m Intermediate to Lower Shell' Weld
,

I ,

.,
,

'

-j-,T -
. .

'; . ,
-

~

'. i
::s

,'s

,

numbers used to generate.'heatup and'cooldown curves-
-

. These RTNOT ;9 f*

applicable up to 32 EFPY ,,

;'_ f
'
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Ta

'

tBRAIDH000 UNIT;1: REACTOR VESSEL MATERIAL: CIRCUMFERENTIAL WELD: ,6
e s,,

,

-

'~

-Reaulatory Guide ~1.99 .' Revision 24
~32-EFPY~

1/4 T- 3/4 T' ,
,

' Parameter
'

54.00. 54.00
Chemistry Factor, CF (*F)

n/cm )(a) 1.82 .66\ Y!2
*

' '

Fluence, f (10
~ |1.16 .88L .

'

' Fluence factor, ff .

'

j> .......................................... ** .................................;
4

62.6 ~ R.~ 5 ' ,
,

ARTNOT - .'40.0
x

40.0
Initial RTNOT, J ( O
Margin, M-(*F) ID} 56- 47;52

.-

............................................................................. :
.

.
.: ,:

4:

Revision.|2.to Regulatory Guide 1.99

Adjusted Reference' Temperature. 159 135' .y ]

ART = Initial'RTMDT + ARTNOT + Marg

............................................................................... ,
.

. a) Fluence, f, it based upon fsurf (109 n/cm , g: M - 3.03Iat 32- EM | d.hy
2

-

(IT
Braidwood Unit I reactor vessel wall thickness ~is 8,5 inchesTat!the beltline-

X region. , ,
,

Margin is calculated .as, M . 2 [oh+ o )0.5 .;Thestandard/deviationfford
'

2

(b) g

NOT. margin term-(og) is assumed to be O'F since|the initial RT;jthe initial RT!'

is a measured value. The standard deviation for;ARTNOT,1(OAF s128'Fafor?th?

'' weld, except that A need not exceed 0.50~ timesithe'mean|value of ARThDTI

. .

.

'

'l
.

9
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~h MATERIAL-PROPERTY BASIS
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Figure 2. Braidwood Unit 1 Reactor Coolant System Cooldown (Cooldown rates
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June?8,1992L
In reply refer to
CHRON No.

To: K.L. Kofron
Braidwood Station Manager

Subject: Braidwood Unit 1
Heatup and Cooldown Curves

Reference: 1. Westinghouse letter CCE-90-317. dated
.Nov.19, 1990

2. NED letter from E.D. Swartz to K.L. Kofron
dated Nov.27, 1990

3. Westinghouse letter CCE-92-193 dated
;;
'' June 2, 1992

As a result of the NRC issuing-revision 2.to Regulatory
Guide 1.99, the current Tech Spec heatup-cooldown curves for-
Braidwood Unit 1 were. determined by the Nuclear Engineering
Department / Westinghouse to be applicable to 4.5 EFPY. Revised
heatup-cooldown curves', applicable to 32 EFPY, were therefore
prepared and submitted by NED/ Westinghouse to Braidwood_
Station per references 1 & 2.

The Nuclear Engineering Department-PWR Systems Design
Group, had therefore requested Westinghouse-to reanalyze the
Unit 1 Low Temperature Overpressure Protection Setpoints.
(LTOPS) . as -a result of the necessity to ' revise the heatup -
cooldown curves. Westinghouse has recently completed:this
effort (Ref. 3) and has provided new LTOP setpoints to be
submitted together with the revised heatup-cooldown curves
for Tech Spec revision. NED has reviewed this LTOP analysis
and has no comments.

Should ou have any question or comments, please call Bob
Waninsk at x-7387, Downers Grove. ,

w,y
R.E.-Waninski
PWRSystepesignEngineer

.O - Cb'k//2
I.D. Swartz

[APWRSystemDesignSupervisor
REW/
Attachment
cc: L.3. D-m akowski DM-AMN 4

T.W. Simpkin g
P.J. Wicyk
NEDCC

Y Abw fJTS 1*fm .g & " $5(o-/$0-Sf.V.I.|** O ? ?' ~
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b Westinghouse Energy Systems "*5""'S" "'""5Y"''': 15230 c355

Electric Corporation ,

CCE-92-193
June.2, 1992

C..

,

Mr. Robert E.~Waninski3
E Commonwealth Edison Company

1400 Opus Place, Suite 500
Downers Grove, Illinois 60515

,,

*

,

Commonwealth Edison Company '
sBraidwood Unit 1 .

LTOPS Setooint Reanalysis

Dear Mr. Waninski:
.

y:

Attached for your information are the following documents related to the
revision of the pressure-temperature limits resulting from the analysis of .

:
*

capsule U from the Braidwood Unit I reactor vessel:

A report documenting the development of the Lower Temperature Overpressure!1.
Protection. System (LTOPS).setpoints required ~to meet the. revised
pressure-temperature limits.

'

A markup of the RCS Cold Overpressure Mitigation. System section of the PLS,,

2.
document showing the:Braidwood Unit I setpoints. y

Replacement figures for.the Braidwood Units :1 and 2 Technical '3
3.

Specifications; sections 3.4.9.1 and 3.4.9.3. No text revisions;are'-
'

required.

WestinghouseL as instituted a customer!eedback program on" engineering efforts'
-

h f

in order'to enable us to track our performance 'against' an: objective 'off
providing the highest qu'ality products and services. Ast a valued customer,;
your participation in this survey is most important|to us.. Your completion. and
return of the enclosed quality survey is appreciated.

-

If you have any questions, please do not hesitate to contact me.
Sincerely yours,

WESTINGHOUSE ELECTRIC CORPORATION) ,

,

M f. it.C.dd :M

N-<b.4
. B;#S.=Humphries, Manageri

'
-

~

Commonwealth. Edison Projects?
'

>

Domestic Customer Projects.
,

h-
~

-JMB/dem-

Attachment*
:

, .

.

.1218d:50s.tMs:06/02/1992 1
< a

-

3 4

k

I
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Mr. Robert E.) waninsni
'

.4 June-2. 19n
f ;, . :?, , 'Page|2.

_

'

cc: S. Bishop
D. Skoza.
G. Masters

,

,
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1.0 Introduction

The setpoints.provided for the Low Temperature Overpressure
Protection System (LTOPS) are selected such that_the pressure
peaksLresulting from design-basis _ overpressure: events.are limited.
to-values-less than those specified by Appendix G of.10 CM1-50.
Appendix G provides the fracture toughness requirements forf
reactor vessels under specified operating conditions, _and_USNRC

L Regulator Guide 1.99, " Radiation Embrittlement of Reactor Vessel ,

Materials" specifies the procedure acceptable to the NRC: staff
for calculating the pressure limits required by Appendix-G.
Revision 2 of this regulatory guide is currently applicable.

The analysis of capsule U, obtained from the Braidwood Unit I'

reactor vessel, resulted in a revision to the current' pressure-
temperature limits. As a result of these new limits,' Westinghouse
was instructed by Commonwealth Edison Co. to develop _new LTOPS
setpoints.

Setpoints for the Braidwood units LTOPS were initially generated
in 1982, again in 1985 to implement the results of the LTOPS
algorithm design review. which ' removed the press ure instrument
uncertainty and imposed an 800 psig PORV piping limit, and in
1989 to update the setpoints for revised-Appendix G limits. Both-
the 1985 and the 1989 effort used the mass and heat injection-
over-pressures developed in 1982. Commonwealth Edison has
implemented no plant design changes that would require their
recalculation, so that the reported over-pressures continue to be
applicable.

2.0 Summary of Results

The setpoint program specified in Table 1, and shown graphically
in Figure 1, is based on a steady-state pressure-temperature-
limit corresponding to a reactor vessel exposure of 32 Effective
Full Power Years (EFPY). In addition, the setpoint function
accounts for a 50 'F thermal transport effect, a 27 'F
temperature streaming and instrumentation uncertainty, and the
800 psig PORV piping limit. Consistant with current Westinghouse
practice, nominal pressure values are' assumed 1.e., pressure
instrument uncertainty is not' included in the analysis.

The setpoints have been selected to prevent opening.both
pressurizer PORVs at the same time, while providing reactor-
coolant pump No. 1 seal protection. Simultaneous opening of'both
PORVs would result in a large underpressure that would place the
RCP No. 1 seal at risk. Setpoints could not be selected above the
residual heat removal system (RHRS) safety valve setpressure-
value of 495 psig (450 psig plus 10% accumulation).
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Braidwood Unit 1 .(ccE) LTOPS SetoointsTable i

- Poa-(psig)Puu (Psig)Water Temperature
(*F)

490'.0455.070.0
455.0 490.0

150.0
485.0- 515.0

180.0
515.0 545.0:

200.0
550.0 -590.0

220.0
640'.0600.0240.0

680.0 740.0
280.0

725.0650.0320.0
2350.01-2350.0450.0

LTOPS Enable / Disable Temperature2.1

The figure also shows the Westinghouse. recommended.LTOPS. enable(during heatup); temperature. The
-

(during cooldown) or disable
recommendation is based on the intersection of the pressurizerPORVs normal operational setpoint of 2335 psig and the pressure-

~

ides pressure.

temperatureLlimit specified~by Appendix,G..This provrelief capability throughout the full. range of temperatures-ForLBraidwood Unit 1,
spanned by heatup and'cooldown operations.the enable temperature.

32 EFPY, thenintersection'(hence,
recommendation) 'is at approximately .310;'F. Since the pressure-at

l

temperature limits have been calculated for.a reactor vesse ' exposure of 32 EFPY,-the enable: temperature recommendation,' s-i
'

conservative throughout the life of the plant, assumingithe. continued applicability of the. current algorithm used to generate
the pressure-temperature. limits.

2 of:6'
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3.0 Analvtical Basis

The-standard ~ initial condition assumed for a low temperatureoverpressure analysis is that the reactor' coolant system is water1 ~

and that the transient results from either a massThe mass injection transient is'solid,
injection or a heat input event.based on the operation of a single centrifugal charging pump,.and
is initiated by a spurious loss of letdown concurrent with a
by the reactor coolant system pressure..The. heat injection' event-failure of the charging flow controls to the maximum' flow allowed,

results from the start of a reactor' coolant pump assuming.that.
,

the shell side of the steam generator 1s 50 *F warmer than the
~

This represents
water contained in the' reactor coolant system.7
the maximum teLperature asymmetry that could developLduring_a-
cooldown maneuver, following the shutdown of the reactor coolant
pump, and the continued cooling by means of the residual-heat-

Isothermal conditions are assumed ~to' exist
between the primary and secondary sides of the steam. generators,
removal system.

so that when an RCP is started, the steam generator's secondary
side acts'as a heat source for the NSSS. The setpoint selectionis based on the most restrictive of either the mass injection or

input. cases, without credit for the residual heatthe heatremoval system's safety valves.

Pressure Instrument Uncertainty3.1

Revision 2 of USNRC regulatory guide 1.99 generally served to
reduce the available operating margin'between the Appendix G
limits and the minimum pressure required to start the: reactor-i
coolant pumps, thus worsening the inevitable decrease in marg nU.S.

as reactor vessel exposure increases. For a Inndaer of older -plants, this has the potential of precluding reactor coolant pump
starts until some relatively high RCS. temperature.

In order to restore some-of this lost margin, Westinghouse took
,

'

following a 1985 design-review of the LTOPS is

setpoint algorithm, that the use of nominal pressure' valuesthe position, ldd
i.e., pressure instrument uncertainty is not:inc u e

,'The justification of this position 1acceptable,
in the setpoint development.
is discussed in the following paragraphs. ithm:
+ The pressure-temperature limits are developed from an algor

includes an unusual degree of conservatism;'perhaps aExceeding these limits.byLthe. pressurethat i

instrument uncertainty will not significantly increase thefactor of two or more.

probability of brittle vessel failure and-is not viewed by, Westinghouse as a serious 1 violation.-A number.of overpressure:by|

events experienced in the past have exceeded the limitsseveral times the pressure instrument uncertainty withoutl

adversely effecting the integrety of the pressure vesse .
-4 of 6
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The UTOPS is considered to be'a mitigation' system, rather than+

a protection system,- and is viewed as supplemental to the
residual heat removal system safety valves.

The analysis assumes a failure of the RER/RCS isolation valve+ ' auto-closure interlock, resulting in an instantaneous closure
of the: valve. Simultaneous to the valve closure, a failure of-
the' charging control system increases charging flow to the.
maximum allowed by the RCS pressure, thus creating a worst case-
mismatch between charging and letdown.JIn. reality, the
isolation valve would take several seconds to close, and it|is
highly improbable that a charging control systems failure would
occur at the same time. The margin that-these assumptions'
provide the calculation should be sufficient to compensate the-
nonconservatism of neglecting the pressure instrument
uncertainty.

;>
Because of the conservatism inherent in the calculation of both'
the pressure-temperature limits and the Ur0PS setpoints, the
additional conservatism of pressure instrument. uncertainty is not
believed to be required. If an instrument develops a calibration-
error, or drifts out of alignment in the most unfavorable
direction, a limit might be exceeded. However, the deviation from.
the nominal limits will be, at most, the instrument uncertainty.:
As. discussed'above, exceeding the Appendix G limit _by.the-
pressure instrument uncertainty is not considered serious by
Westinghouse.

.

3.2 Pressure-Temperature Limits

Setpoint selection is based on preventing overpressure transients ~
from exceeding the_ steady-state pressure-temperature limit. The .

steady-state limit provides the greatest operational flexibility,
and has been accepted by the NRC with the justification that most
overpressure transients occur during isothermal' conditions.

for all'LTOPS analyses is to selectWestinghouse practice,
setpoints such that the peak overpressure will not exceed the
most limiting of either Appendix G or 800 psig. The'800 psig
limit results from an analysis.of water hammer effects'on relief
valve piping for certain classes of rapidly opening valves (e.g.,
solenoid operated valves) unde'r water solid conditions.:These
valves have typical stroke times of two seconds or less,_and,

vs. stem position),because of their characteristic curves'(Cy

are effectively full open or full closed in a few tenths ofLa
second; thus setting the stage for a water hammer.

The flew through air operated valves is much less sensitive.to
stem position in the early stages of the opening stroke or in the
latter stages of the closing stroke.'This, in. addition to the

~

relatively slow opening times of air operated valves, will_much
5 of 6
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%
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R

Attached; Figure 3 - replaces ' Technical'. Specificatilon ... _.
. , .
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y
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: uncertainty. The setpoints were selected to. prevent overpressures
<

from exceeding the 800 psig.PORV piping. limit, thus}the:setpointu.

reduction af ter about' 227 'T reflects the, increasingly;1argeL
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Jan.29,1992
In reply refer to
CHRON No.

To: T.- Morello
Braidwood Tech Staff

Subject: Westinghouse Report CCE-91-126
| "Heatup/Cooldown Final Report (Capsule U)"

'

Per our recent conversation, the subject report was
issued by Westinghouse as part of their contract with CECO to
analyze data from the reactor vessel specimen capsules.

Using physical data from the capsule, Westinghouse has
*

calculated a new Adjusted Reference Temperature for the
limiting vessel' material - circumferential. weld (Table 3).-

New heatup and cooldown curves were also prepared using this
value (Figure 1 & 2)..The results have been determined to be
conservative to the existing analysis;and as result, the
current Tech Spec heatup/cooldown curves remain applicable to
Reg. Guide 1.99 rev.2 for 16 EFPY.

Should you have any question or comments, please call
Bob Waninski at x-7387, Downers Grove.

U

'R.E. Wahinski
'

PWR System Design Engineer

-

E @ 9ar,t Vt

PWR System Design Supervisor
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- Electric Corporation .

Energy Systems-Westinghouse
.CCE-91al26
' February;19,-1991.

'

n

.Mr.' G. Gerzen
Commonwealth Edison Company =N E C EI Y E D~
Technical ~ Center
1319 South First Avenue. FEB 2 6199[Maywood, Illinois 60153

.
OUWooo STAT 10N'.Commonwealth Edison company ~

Braidwood Unit:2 '
Heatuo/Cooldown Final Reoort-(Caosule U) .

: Dear Mr. Gerzen:

Attached is the f1nai report on "Heatup' ana Cooldown' Curves for t'he Braidwood .
g

: Unit 2 Reactor Vessel (Capsule U)."
Comments:from Commonwealth Edison,

Company have been" incorporated in the final report.Lt

Also enclosed is a postage paid "YOU BE THE JUDGE" form. . It would:be very.-
,

u

much appreciated if you could take a few minutes to filllout the form'and^
return to Westinghouse Electric Corporation.

if you have' any questions, please do not hesitate to contact me.--
Sincerely yours, .

WESTINGHOUSE ELECTRIC.CORPORATIONJ

h '((t

-
.< G. P. Toth, Manager-

.Comonwealth Edison. Company .'

Domestic Customer Projects.
.

NKRay: SAP /cem
.

cc: K..Kofron
|

M. Lohmann
"

.M. Sears
-

E. Swartz
. . FeimsterW

R. Waninski

. .y ,\ ,._.
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