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REACTOR COOLANT SYSTEM

HOT SHUTDOWN

LIMITING CCNDITION FOR OPERATION

3.4.1.3 At least two of the loop (s)/ train (s) listed below shall be OPERABLE
and at least one reactor coolant and/or shutdown cooling loops shall be in
operation.*

a. Reactor Coolant Loop 1 and its associated steam generator and at
least one associated reactor coolant pump,"*

b. Reactor Coolant Loop 2 and its associated steam generator and at
least one associated reactor coolant pump,**

c. Shutdown Cooling Train A,

d. Shutdown Cooling Train B.

APPLICABILITY: MODE 4

ACTION:

a. With less than the above required reactor coolant and/or shutdown
cooling loops OPERABLE, immediately initiate corrective action to
return the required loops to OPERABLE status as soon as possible; j

if the remaining OPERABLE loop is a shutdown cooling loop, be in
COLD SHUTDOWN within 24 hours,

b. With no reactor coolant or shutdown cooling loop in operation, suspend ,

all operations involving a reduction in boron concentration of the !

Reactor Coolant System and immediately initiate corrective action to
return the required coolant loop to operation. !

-
>

*All reactor coolant pumps and shutdown cooling pumps (LPSI pumps) may be
deenergized for up to 1 hour provided (1) no operations are permitted that
would cause dilution of the Reactor Coolant System boron concentration, and
(2) core outlet temperature is maintained at least 10*F below saturation
temperature.

**A reactor coolant pump shall not be started with one or more of the Reactor
Coolant System cold leg temperatures less than or equal to 285'F unless
(1) the pressurizer water volume is less than 900 cubic feet or (2) the
secondary water temperature of each steam generator is less than 100*F
above each of the Reactor Coolant System cold leg temperatures.

WATERFORD - UNIT 3 3/4 4-3
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REACTOR COOLANT SYSTEM

COLD SHUTDOWN - LOOPS FILLED

LIMITING CONDITION FOR OPERATION

3.4.1.4 At least two of the '. cop (s)/ trains listed below shall be OPERABLE and
at least one reactor coolant and/or shutdown cooling loop shall be in operation."

a. Reactor Coolant Loop 1 and its associated steam generator and at
least one associated reactor coolant pump **,

b. Reactor Coolant Loop 2 and its associated steam generator and at
least one associated reactor coolant pump **,

c. Shutdown Cooling Train A,

d. Shutdown Cooling Train B.

APPLICABILITY: MODE 5 with reactor coolant loops filled **.
ACTION:

a. With less than the above required reactor coolant and/or shutdown
cooling loops OPE,RABLE or with less than the required steam generator
level, immediately initiate corrective action to return the required
loops to OPERABLE status or to restore the required level as soon as
possible.

b. With no reactor coolant or shutdown cooling loop in operation,
suspend all operations involving a reduction in boron concentration
of the Reactor Coolant System and immediately initiate corrective
action to return the required coolant loop to operation.

SURVEILLANCE REQUIREMENTS

4.4.1.4.1 The required reactor coolant pump (s), if not in operation, shall be
determined to be OPERABLE once per 7 days by verifying correct breaker alignments
and indicated power availability.
4.4.1.4.2 The required steam generator (s) shall be determined OPERABLE by verify-
ing the secondary side water level to be >50% of wide range indication at least
once per 12 hours.

_

4.4.1.4.3 At least one reactor coolant loop or shutdown cooling train shall be veri-
fied to be in operation and circulating reactor coolant at least once per 12 hours.

*All reactor coolant pumps and shutdown cooling pumps (LPSI pumps) may be
deenergized for up to I hour provided (1) no operations are permitted that
would cause dilution of the Reactor Coolant System boron concentration, and
(2) core outlet temperature is maintained at least 10*F below saturation
temperature.

**A reactor coolant pump shall not be started with one or more of the Reactor
Coolant System cold leg temperatures less than or equal to 285*F unless
(1) the pressurizer water volume is less than 900 cubic feet or (2) the
secondary water temperature of each steam gen <.trator is less than 100*F
above each of the Reactor Coolant System cold leg temperatures.

WATERFORD - UNIT 3 3/4 4-5
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REACTOR COOLANT SYSTEM

3/4.4.8 PRESSURE / TEMPERATURE LIMITS

REACTOR COOLANT SYSTEM

LIMITING CONDITION FOR OPERATION

3.4.8.1 The Reactor Coolant System (except the pressurizer) temperature and
pressure shall be limited in accordance with the limit lines 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 rate of 30 F per hour with Reactor Coolant System
cold leg temperature- less than 200*F. '

b. A maximum heatup rate of 50 F per hour with Reactor Coolant System
cold leg temperature greater than 200 F and less than or equal
to 3a5 F.

'

c. A maximum heatup rate of 60 F per hour with Reactor Coolant System
cold leg temperature greater than 345*F. ;

d. A maximum cooldown rate of 10*F per hour with Reactor Coolant System
cold leg temperature less than 135 F.

e. A maximum cooldown rate of 30 F per hour with Reactor Coolant
System cold leg temperature greater than or equal to 135 F and less

'than or equal to 200 F.
f. A maximum cooldown rate of 100*F per hour with Reactor Coolant System

cold leg temperature greater than 200*F.
g. A maximum temperature change of less than or equal to 10*F in any

1-hour period during inservice hydrostatic and leak testing
operations above the heatup and cooldown limit curves.

APPLICABILITY: At all times.
ACTION:

IWith any of the above limits exceeded, restore the temperature and/or pressure
to within the limit within 30 minutes; perform an engineering evaluation to
determine the effects of the out-of-limit condition on the structural
integrity of the Reactor Coolant System; determine that the Reactor Coolant
System remains acceptable for continued operations or be in at least HOT
STANDBY within the next 6 hours and reduce the RCS T,yg and pressure to less
than 200 F ana 500 psia, respectively, within the following 30 hours.

SURVEILLANCE REQUIREMENTS
:

4.4.8.1.1 The Reactor Coolant System temperature and pressure shall be
determined to be within the limits at least once per 30 minutes during system
heatup, cooldown, and inservice leak and hydrostatic testing operations. 6

4.a.8.1.2 The reactor vessel material irradiation surveillance specimens
shall be removed and examined, to determine changes in material properties, at
the intervals required by 10 CFR Part 50 Appendix H in accordance with the ,

WATERFORD - UNIT 3 3/4 4-28 ,
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REACTOR COOLANT SYSTEM

SURVEILLANCE REOUIREMENTS (Continued) :

schedule in Table 4.4-5. The results of these examinations shall be used to
update Figures 3.4-2 and 3.4-3. The adjusted reference temperature resulting
from neutron irradiation shall be calculated based on the greater of the
following: '

a. Actual shift in the RT as measured by impact testing of 88114/
NDT 3

0145 weld metal;
,

b. Predicted shift in RT f r E8018/ BOCA weld metal as determined
NDT

by Regulatory Guide 1.99 " Effects of Residual Elements on Pre-
dicted Radiation Damage to Reactor Vessel Materials."

;

:
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?) TABLE 4.4-5
0
23 REACTOR VESSEL MATERIAL SURVEILLANCE PROGRAM - WITHDRAWAL SCHEDULE
8

CAPSULE VESSEL LEAD.
NUMBER LOCATION FACTOR WITH0RAWAL TIME (EFPY)*c:

5
-4 1 83* 1.50 Standbyw

2 97* 1.50 4.0 EFPY

3 104* 1.50 11.0 EFPY

6 284* 1.50 18.0 EFPY

4 263* 1.50 Standby
w
2: 5 277* 1.50 Standby

i
M

F:
R
o

N
.

OWithdrawal time may be modified to coincide with those refueling outages or plant shutdowns
most closely approaching the withdrawal schedule.

N.
_ _ _ _ _ . -
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REACTOR COOLANT SYSTEM

0VERPRESSURE PROTECTION SYSTEMS

LIMITING CONDITION FOR OPERATION

3.4.8.3 Two Shutdown Cooling (SDC) System suction line relief valves (SI-
406A and SI-4068) shall be OPERABLE with a lift setting of less than or equal
to 430 psia.

APPLICABILITY: MODE 4 when the temperature of any RCS cold leg is less than
#or equal to 285'F , MODE 5, and MODE 6 when the head is on the reactor vessel

and the RCS is not vented through a 5.6 square inch or larger vent.
,

'

ACTION:

a. With one SDC System suction line relief valve inoperable in MODE 4,
restore the inoperable valve to OPERABLE status within 7 days, or
depressurize and vent the RCS through at least a 5.6 square inch
vent within the next 8 hours.

b. With one SDC System suction line relief valve inoperable in H0 DES 5,
or 6, either (1) restore the inoperable valve to OPERABLE status
within 24 hours, or (2) complete depressurization and venting of the
RCS through at least a 5.6 square inch vent within a total of 32
hours.

:

c. With both SDC System suction line relief valves inoperable, complete
depressurization and venting of the RCS through at least a 5.6 i

square inch vent within 8 hours.

d. In the event either the SDC System suction line relief valve (s) or the ,

RCS vent (s) are used to mitigate an RCS pressure transient, a Special !
Report shall be prepared and submitted to the Commission pursuant to
Specification 6.9.2 within 30 days. The report shall describe the
circumstances initiating the transient, the effect of the SDC System i
suction line relief valve (s) or RCS vent (s) on the transient, and any
corrective action necessary to prevent recurrence.

e. The provisions of Specification 3.0.4 are not applicable.

,

#260*F during inservice leak and hydrostatic testing with Reactor Coolant System I

temperature changes restricted in accordance with Specification 3.4.8.1g.

l

WATERFORD - UNIT 3 3/4 4-34 AMENDMENT NO. 3,72
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REACTOR COOLANT SYSTim
-

BASES

PRES 5URE/ TEMPERATURE LIMITS (Continued)

The heatup and cooldown limit curves Figures 3.4-2 and 3.4-3 are
comoosite curves which were prepared by determining the most conservative case,
with either the inside or outside wall controlling, for any heatup or coolco-nrates of up to 100*F per hour. The heatup and cooldown curves were preparec ::asec
upon the riost limiting value of the predicted adjusted reference temperature at
the end of the service period indicated on Figures 3.4-2 and 3.4-3. ,

The
limitations on the Reactor Coolant System heatup and cooldown rates are further
restricted due to stress limitations in the Reactor Coolant Pump. As part of
the LOCA support scheme, the Reactor Coolant Pump has a ring around the suction
nozzle of the pump. The support skirt is welded to the ring. Due to this
design, the heatup and cooldown rates must be limited to maintain acceptable
thermal stresses.

The reactor vessel materials have been tested to determine their initial
RTNOT; the results of the.se test are shown in Table B 3/4.4-1. Reactor
operation and resultant fast neutron (E greater than 1 MeV) irradiation will
cause an increase in the RT Therefore, an adjusted reference temperature,NDT.

based upon the fluence and copper content of the material in question, can be
predicted using FSAR Table 5.3-1 and the recommendations of Regulatory
Guide 1.99, Revision 1, " Effects of Residual Elements on Predicted Radiation
Damage to Reactor Vessel Materials." The heatup and cooldown limit curves
Figures 3.4-2 and 3.4-3 include predicted adjustments for this shift in RT

NDT
at the end of the applicable service period, as well as adjust.ments for possible
errors in the pressure and temperature sensing instruments.

The actual shift in RTNDT of the vessel material will be established
periodically during operation by removing and evaluating, in accordance with
ASTM E185-82 and 10 CFR Part 50 Appendix H, reactor vessel material irradiation
surveillance specimens installed near the inside wall of the reactor vessel in
the core area. The surveillance specimen withdrawal schedule is shown in
Table 4.4-5. Since the neutron spectra at the irradiation samples and vessel
inside radius are essentially identical, the measured transition shift for a
sample can be applied with confidence to the adjacent section of the reactor ,

vessel. The heatup and cooldown curves must be recalculated when the '

delta RT determined from the surveillance capsule is different from theNDT
calculated delta RT for the equivalent capsule radiation exposure.NDT

The pressure-temperature limit lines shown on Figures 3.4-2 and 3.4-3 for
reactor criticality and for inservice leak and hydrostatic testing have been
provided to assure compliance with the minimum temperature requirements of
Appendix G to 10 CFR Part 50.

I
|

|
|

!
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REACTOR COOLANT SYSTEM

BASES
!

PRESSURE / TEMPERATURE LIMITS (Continued)

The maximum RT for all Reactor Coolant System pressure retainingNDT ,

|materials, with the exception of the reactor pressure vessel, has been
determined to be 90*F. The Lowest Service Temperature limit line shown on

iFigures 3.4-2 and 3.4-3 is based upon this RT since Article NS-2332 of
|NDT

Section III of the ASME Boiler and Pressure Vessel Code requires the Lowest '

Service Temperature to be RTNDT + 100*F for piping, pumps, and| valves. Below _;

this temperature, the system pressure must be limited to a maximum of 20% of -|
the system's hydrostatic test pressure of 3125 psia (as corrected for elevation '

and instrument error). |

The limitations imposed on the pressurizer heatup and cooldown rates and i

3spray water temperature differential are provided to assure that the pras-
surizer is operated within the design criteria assumed for the fatigue analysis
performed in accordance with the ASME Code requirements.

The OPERABILITY of the shutdown cooling system relief valve or an RCS
vent opening of greater than 5.6 square inches ensures that the RCS will be
protected from pressure transients which could exceed the limits of Appendix G ,

to 10 CFR Part 50 when one or more of the RCS cold legs are less than or equal .

to 285'F. Each shutdown cooling system relief valve has adequate relieving '

capability to protect the RCS from overpressurization when the transient is
:'

either (1) the start of an idle RCP with the secondary water temperature of '

the steam generator ler: than or equal to 100*F above the RCS cold leg tempera-e

tures or (2) inadverterit safety injection actuation with injection into a
water-solid RCS. The limiting transient includes simultaneous, inadvertent
operation of three HPSI pumps, three charging pumps, and all pressurizer
backup heaters in operation. Since SIAS starts nnly two HPSI pumps, a 20%
margin is realized.

,

!

The restrictions on starting a reactor coolant pump in MODE 4 and with :

the reactor coolant loops filled in MODE 5, with one or more RCS cold legs less' . ;

than or equal to 285'F, are provided in Specification 3.4.1.3 and 3.4.1.4 to
prevent RCS pressure transients caused by energy-additions from the secondary>

:

system which could exceed the limits of Appendix G to 10 CFR Part 50. The'RCS- '

will be protected against overpressure transients and will not exceed the . ;

limits of Appendix G by restricting starting of the RCPs to when the. secondary
water temperature of each steam generator is less than 100*F above each of the :
RCS cold leg temperatures. Maintaining the steam generator less than 100'F

:
above each of the Reactor Coolant System cold leg temperatures (even with the i

RCS filled solid) or maintaining a large surge volume in the pressurizer
iensures that this transient is less severe than the limiting transient consi-

dared above.
I

The automatic isolation setpoint of the shutdown cooling isolation valves !

is sufficiently high to preclude inadvertent isolation of the shutdown cooling |

relief valves during a pressure transient.

:
,
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PEACTOR COOLANT SYSTEM
'

HOT SHUTDOWN

LIMITING CONDITION FOR OPERATION
,

3.4.1.3 ' At least two cf the loop (s)/ train (s) listed below shall be OPERABLE- [
and at least cne reactor coolant and/or shutdown cooling loops shall be in j

ooeration.*
,

a. Reactor Coolant Loop 1 and its associated steam generator and at
;

least one associated reactor coolant pumo.** ;

b. Reactor Coolant Loop 2 and 1ts associated steam generator and at
least one associated reactor coolant pump.** i

c. Shutdown Cooling Train A.

i

d. Shutdown Cooling Train B.

APPLICABILITY: MODE 4

ACTION:

a. With less than the above required reactor coolant and/or shutdown
cooling loops OPERABLE. immediately initiate corrective action to
return the required loops to OPERABLE status as soon as possible: ,

if the remaining OPERABLE loop is a shutdown cooling loop, be in
COLD SHUTDOWN within 24 hours,

b. With no reactor coolant or shutdown cooling loop in operation, suspend
all operations involving a reduction in boron concentration of the ,

Reactor Coolant System and immediately initiate corrective action to
return the required coolant loop to operation.

*All reactor coolant pumps and shutdown cooling pumps (LPSI pumps) may be
deenergized for up to I hour provided (1) no operations are permitted that
would cause dilution of the Reactor Coolant System boron concentration, and
(2) core outlet temperature is maintained at least 10F below saturation

temperature.

**A reactor coolant pum shall not be started with one or more of the Reactor
Coolant System cold leg temperatures less than or equal to 2M 272T unless .|
(1) tne pressurizer water volume is less than 900 cubic feet or (2) the
secondary water temperature of each steam generator is less than 100*F
above each of the Reactor Coolant System cold leg temperatures.

WATERFORD - UNIT 3 3/4 4-3
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COLD SHUTCOWN . LOOPS FILLED

LIMITING CONDITION FOR OPEPATICN

3.4.1.4 At least two of the loop (s)/ trains listed below shall be OPEPASLE and
at least one reactor coolant and/or shutcown cooling 1000 shall ce in operation.*

a. Reactor Coolant Loop 1 and its associated steam generator and at
least one assoClated reactor Coolant pumD** [

b. Reactor Coolant Loop 2 and its associated steam generator and at
least one associated reactor coolant pump **,

c. Shutdown Cooling Train A,

*

d. Shutdown Cooling Train B.

'

APPLICABILITY: MODE 5 witn reactor coolant loops filled **
ACTION:

a. With less than the above required reactor coolant and/or shutdown
,

'cooling loops OPERABLE or with less than the required steam generator
'

level immediately initiate corrective action to return the required
loops to OPERABLE status or to restore the required level as soon as
possible.

b. With no reactor coolant or shutdown cooling loop in operation,
suspend all operations involving a reduction in boron concentration
of the Reactor Coolant System and immediately initiate corrective
action to return the required coolant loop to operation.

SURVEILLANCE REOUIREMENTS

4.4.1.4.1 The required reactor coolant pump (s), if not in operation, shall be
determined to be OPERABLE once per 7 days by verifying correct breaker alignments
and indicated power availability.

4.4.1.4.2 The required steam generator (s) shall be determined OPERABLE by verifying
the secondary side water level to be > 50% of wide range indication at least
once per 12 hours. :

4.4.1.4.3 At least one reactor coolant loop or shutdown cooling train shall be verified
to be in operation and circulating reactor coolant at least once per 12 hours.

*All reactor coolant pumps and shutdown cooling pumps (LPSI pumps) may be
deenergized for up to I hour provided (1) no operations are permitted that
would cause dilution of the Reactor Coolant System boron concentration, and
(2) core outlet temperature is maintained at least 10F below saturation temperature.

**A reactor coolant pump shall not be started with one or more of the Reactor
Coolant System cold leg temperatures less than or equal to 2M 2721 unless |
(1) the pressurizer water volume is less than 900 cubic feet or (2) the
secondary water temperature of each steam generator is less than 100'F
above each of the Reactor Coolant System cold leg temperatures.
WATERFORD - UNIT 3 3/4 4-5

_ _ _. _



_ .

" T4 i
f

|.- .-
*

REACTOR COOLANT SYSTEM :
'

CTOR C 5

LIMITING CONDITION FOR OPERATION ,

3.4.8.1 The Reactor Coolant System (except the pressurizer) temperature and
pressure shall be limited in accordance with the limit lines shown on j

Figures 3.4-2 and 3.4-3 during heatup. cooldown. criticality, and inservice
leak and hydrostatic testing with: [

a. A maximum heatup rate of 30*F per hour with Reactor Coolant System !

Icold leg temperature less than 200*F.

b. A maximuia heatup rate of 50*F per hour with Reactor Coolant System
cold leg temperature greater than 200*F and less than or equal
to 345aF.

,

c. A maximum heatup rate of 60 F per hour with Reactor Coolant System
cold leg temperature greater than 345*F. |

l

d. A max 1 mum cooldown rate of 10*F per hour with Reactor Coolant System
cold leg temperature less than 135'F. [

e. A maximum cooldown rate of 30*F per hour with Reactor Coolant System }
cold leo ":mperature greater than or equal to 135*F and less than or !

equal to 200*F. -

f. A maximum cooldown rate of 100*F per hour with Reactor Coolant System |
cold leg temperature greater than 200*F.

g. A maximum temperature change of less than or equal to 10*F in any i

1-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 limits exceeded, restore the temperature and/or pressure
to within the limit within 30 minutes; perform an engineering evaluation to ;

determine the effects of the out-of-limit condition on the structural ,

integrity of the Reactor Coolant System; determine that the Reactor Coolant
System remains acceptable for continued operations or be in at least HOT ;

and pressure to lessSTANDBY within the next 6 hours and reduce the RCS Tavg
than 200*F and 500 psia, respectively. within the following 30 hours.

SURVEILLANCE REOUIREMENTS

4.4.8.1.1 The Reactor Coolant System temperature and pressure shall be
determined to be within the limits at least once per 30 minutes during system ;

heatup. cooldown, and inservice leak and hydrostatic testing operations.

4.4.8.1.2 The reactor vessel material irradiation surveillance specimens !

shall De removed and examined, to determine changes in material properties, at !

the irtervals required by 10 CFR Part 50 Appendix H in accordance with the ;

;
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REtCTOR COOLANT SYSTEM j

SURVEILLANCE REOUIREMENTS (Continued)

Reactor Vessel material surveillance program - withdrawal schedule in T b'^ ' ' 5 |i

F5AR Taole 5.3-10. The results of these examinations snall be used to ,

upcate Figures 3.4 2 and 3.4-3. "h r;ucted reft e ce t mpe sture c: W ' ; I
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RE?f"JR-VESSEL MATERIAL-SlRVF4ttMGE-PROGP.^.M h'14HEo.^H^1 SCHEDULE

GMG1E "ESSEb LE/D

HINBR- - -LOCATION rffTOR WlJtCSAWAL-44ME-4f4SV4 a

1 83 1-60 Stacy

2 97 1-60 44-EMY

3 404 1-60 M.0 EFPY

6 284 1-60 18.0 EFPY

4 263 1-60 Stadby

6 2J7 b60 Stacy

TABLE 4.4-5

This TABLE has been deleted.

*Wthdr:c a! ti .e may be "LWfied to coincide with these refuel 4ng cutages or plet-6t*1tdowns
= sest c!csely-approaching the wittwirawal
sc4*Miule-
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REACTOR COOLANT SYSTEM

OVERPRESSURE PROTECTION SYSTEMS

I

LIMITING CONDITION FOR OPERATION

3.4.8.3 Two Shutdown Cooling (SDC) System suction line re11ef valves (SI-406A
and 51-4068) snall De OPEPABLE with a lift sett1ng of less than or equal
to 430 psia. i

APPLICABILITY: MODE 4 when the temperature of any RCS cold leg is less tnan
or equal to 2e6 272 F . MODE 5. and MODE 6 when the head is on the reactor vessel |#

and the RCS is not vented through a 5.6 sauare inch or larger vent.

ACTION:
|

a. With one SDC System suction line relief valve inoperable in MODE 4
restore the inoperable valve to OPERABLE status within 7 days or -

depressurize and vent the RCS through at least 5.6 square inch '

vent within the next 8 hours. .

'

b. With one SDC System suction line relief valve inoperable in MODES 5.
'

or 6. either (1) restore the inoperable valve to OPERABLE status
within 24 hours, or (2) complete depressurization and venting of the
RCS through at least 5.6 square inch vent within a total of 32 hours.

c. With both SDC System suction line relief valves inoperable, complete i

depressurization and venting of the RCS through at least 5.6
square inch vent within 8 hours,

d. In the event either the SDC System suction line relief valve (s) or the
RCS vent (s) are used to mitigate an RCS pressure transient, a Special
Report shall be prepared and submitted to the Comission pursuant to
Specification 6.9.2 within 30 days. The report shall describe the
circumstances initiating the transient, the effect of the SDC System
suction line relief valve (s) or RCS vent (s) on the transient, and any
corrective act1on necessary to prevent recurrence.

e. The provisions of Specification 3.0.4 are not applicable.

.

# 260F during inservice leak and !,jdrostatic testing with Reactor Coolant System
temperature changes restricted in accordance with Specification 3.4.8.19 ]

WATERFORD - UNIT 3 3/4 4 34 AMENDMENT NO. 72 I
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REACTOR COOLANT SYSTEM

BASES --

PRESSURE / TEMPERATURE LIMITS (Continued) j

The heatup and cooldown limit curves Figures 3.4-2 and 3.4-3 are
composite curves which were prepared by determining the most conservative t.ase,
with either tne inside or outside wall controlling, for any heatup rate of up +o 6ff
,Jer hour or Cooldown rate r4t+5 of up to 100*F per hour. The heatup and
cooldown curves were prepared based upon the most limiting value of the predicted
adjusted reference temperature at the end of the service period indicated on
Figures 3.4-2 and 3.4-3. The limitations on the Reactor Coolant System heatup and
cooldown rates are further restricted due to stress limitations in the Reactor
Coolant Pump. As part of the LOCA support scheme, the Reactor Coolant Pump has
a ring around the suction nozzle of the punp. The support skirt is welded to the
ring. Due to this design. the heatup and C oldown rates must be limited to
maintain acceptable thermal stresses.

The reactor vessel materials have been tested to determine their initial ;

RTNDT: the results of these test are shown in Table B 3/4.4-1. Reactor
operation and resultant fast neutron (E greater than 1 MeV) irradiation will
cause an increase in the RTNDT. Therefore, an adjusted reference temperature,
based upon the fluence -and-copper and nickel content of the material in question. can be |3
predicted using FSAR Table 5.3-1 and the recommendations of Regulatory ;

Guide 1.99. Revision 1. " Effects of Residual Elcments or redicted Radiation
Damage to 2 ctor "essel "3terials." 2. '' Radiation Embrittlement of Reactor Vessel
Materi al s . " The heatup and cooldown limit curves Figures 3.4-2 and 3.4-3 include

prec1cted adjustments for this shift in RTNDT at the end of the applicable
service period, as well as adjustments for possible errors in the pressure and ;

temperature sensing instruments.

The actual shift in RTNDT of the vessel material will be established |
periodically during operation by removing and evaluating, in accordance with
ASTM E185-73 and 10 CFR Part 50 Appendix H. reactor vessel material irradiation
surveillance specimens installed near the inside wall of the reactor vessel
in the core area. The surveillance specimen withdrawal schedule is shown in i

FSAR Table 44-65.3-10. Since the neutron spectra at the irradiation samples and zessel |
!

inside radius are essentially identical, the measured transition shift for a I

sample can be applied with confidence to the adjacent section of the reactor
vessel. The heatup and cooldown curves must be recalculated when the
delta RTNDT determined from the surveillance capsule is different from the
calculated delta RTNDT for the equivalent capsule radiation exposure. j

The pressure-temperature limit lines shown on Figures 3.4-2 and 3.4-3 for j
reactor criticality and for inservice leak and hydrostatic testing have been
provided to assure compliance with the minimum temperature requirements of j

Appendix G to 10 CFR Part 50.
i

WATERFORD - UNIT 3 B 3/4 4-7 Ltr dated august 2.
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EACTOR CCOLANT SYSTEM

BASES

j

PRESSURE /TEMPEPATURE LIMITS (Continued) ;

1

The maximum RTNDT for all Reactor Coolant System pressure-retaining
materials, with the exception of the reactor pressure vessel. has been
cetermined to be 90*F. The lowest Service Temperature limit line shown on )
Figures 3.4-2 and 3.4-3 is based upon this RTNDT since Article NB 2332 of
Section III of tne ASME Boller and Pressure vessel Code requires the Lowest
Service i'emperature to be RTNDT + 100 F for p1p199. pumps and valves. Below ;
tnis temperature. the system pressure must be limited to a max 1 mum of 20% of j

the system's hydrostatic test pressure of 3125 psia (as corrected for elevation
and instrument error).

The limitations imposed on the pressurizer heatuD and Cooldown rates and
spray water temperature differential are provided to assure that the pressur12er
is operated within the design criteria assumed for the fatigue analysis
performed in accordance with tne ASME Code requirements.

|
The OPEPABILITY of the shutdown cooling system relief valve or an RCS ~;

vent opening of greater than 5.6 square inches ensures that the RCS will be
protected from pressure transients which could exceed the limits of Appendix G
to 10 CFR Part 50 when one or more of the RCS cold legs are less than or equal
to Ees 272 *F. Each shutdown cooling system relief valve has adequate relieving | !

capability to protect the RCS from overpressurization when the transient is
either (1) the start of an idle RCP with the secondary water temperature of

'

the steam generator less than or equal to 100*F above the RCS cold leg temperatures
'or (2) inadvertent safety injection actuation with injection into a

water-solid RCS. The limiting transient includes simultaneous. inadvertent
operation of three HPSI pumps, three charging pumps, and all pressurizer *

backup heaters ir. operation. Since SIAS starts only two HPSI pumps a 20% i

margin is realized. t

The restrictions on starting a reactor coolant pump in MODES 4 and with
the reactor coolant loops filled in MODE 5, with one or more RCS cold legs less e

then or equal to 286 272 "F. are provided in Specification 3.4.1.3 and 3.4.1.4 to |
prevent RCS pressure transients caused by energy additions from the secondary
system which could exceed the limits of Appendix G to 10 CFR Part 50. The RCS
will be protected against overpressure transients and will not exceed the
limits of Appendix G by restricting starting of the RCPS to when the secondary I

water temperature of each steam generator is less than 100*F above each of the v

;
RCS cold leg temperatures. Maintaining the steam generator less than 100*F <
above each of the Reactor Coolant System cold leg temperatures (even with the |

RCS filled solid) or maintaining a large surge volume in the pressurizer '

ensures that this transient is less severe than the limiting transient considered '

above.

*c utomatic is013 tion cetpoint Of the chutde; c00 ling 1:010 tion : 1';0;
10 cuf#dc10-tly "igh to preclude inadvertent 1:01stion Of the chutdom c0014rg i

relief ;;1v0; during : pre: Cure trantient.

!

!
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EXECUTIVE SUMMARY |
l

i
This report provides reactor coolant system pressure-temperature limits valid through twenty j

(20) effective full power years' (EFPY) operation for Waterford Steam Electric Station Unit 1

3 (Waterford Unit 3). The reactor coolant system pressure-temperature limits currently )
provided by the Waterford Unit 3 Technical Specifications are valid through 8 EFPY and

!

have been revised to account for additional embrittlement of the reactor vessel beltline

materials due to continued neutron irradiation. The change in the reactor vessel beltline !

fracture toughness properties have been estimated in accordance with Regulatory Guide 1.99 j

Revision 2 using a projected peak surface fluence of 2.29 x 10 ' n/cm . This fluence was |
2

based on the results obtamed from the W-97 surveillance capsule evaluation report. The |

limiting material was identified as plate M-1004-2 having adjusted reference temperatures at

the 1/4t and 3/4t locations of 65.4*F and 54.0*F, respectively. The reactor coolant system .

1

pressure-temperature Itmits, including the revised beltline analysis, have been developed in ;
accordance with 10 CFR 50 Appendix G requirements. )

|

10 CFR 50 Appendix G and 10 CFR 550.61 requirements for end-of-life (32 EFPY) fracture !
4

toughness properties were reviewed and shown to be in compliance. Specifically, all beltline

materials will have greater than 50 ft-lbs upper-shelf energy projected at the 1/4t locations
2given an end-of-life peak surface fluence of 3.69 x 10' n/cm . The values of RTm for all

beltline materials are well below the screening criteria provided by 10 CFR 550.61.

law Tearperature Overpressure Protection (LTOP) Enable tw tures were developedra

using the guidance of Starrinrd Reymw Plan 5.2.2 and ASME Boiler and Pressure Vessel I

Code, Section XI, Code Case N-514 (not yet approved for use by the NRC).

Lastly, a revised surveillance capsule withdrawal schedule has been developed based on

consideration of the W-97 surveillance capsule results. This has been developed in

accordance with the regulatory requirements of 10 CFR 50 Appendix H. Consideration has

been given to the fitture ASTM E-185-93.

.
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1.0 INTRODUCTION
1

!
1

Reactor coolant system (RCS) pressure-temperature (P-T) limits provide protection |
against nonductile failure for ferritic pressure boundary components during normal

operation heatup, cooldown and inservice testing. These limits are required to be j

developed to meet the requirements of 10 CFR 50, Appendix G (Reference 1) and

must be updated periodically to account for continued embritdement of the reactor !
vessel beltline due to neutron irradiation. The rate of embrittlement is monitored by :

the withdrawal of surveillance capsules and mechanical testing of material specimens

within the capsules and dosimetry evaluations. 10 CFR 50, Appendix H (Reference ;

2) provides the requirements for the reactor vessel material surveillance program. !

The first capsule (W-97) was recently removed from the Waterford Steam Electric

Station Unit 3 (Waterford Unit 3). Upon removal and completion of material testing :

and dosimetry calculations, a report (Report No. BAW-2177, Babcocit & Wilcox

Nuclear Services (Reference 3)) summarizing the results was provided to the NRC by

Entergy Operations, Inc. (under Reference 4 cover). Along with the wmmary was a

commitment to update the Waterford Unit 3 RCS P-T limits and review the adequacy
of the surveillarre withdrawal schedule, both contaired in the Waterford Unit 3 !

Techmcal Specifications (Reference 5).

This report provides revised RCS P-T limits for Waterford Unit 3 valid through

twenty (20) effective full power years (EFPY) operation, along with a description of

the data and methnds associated with their development. In addition, a revised

surveillance withdrawal schedule has been provided along with the basis for its

development.

.

|

|

1

|
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2.0 RCS PRESSURE-TEMPERATURE LLMITS

2.1 OVERVIEW
l

The basis for the development of reactor coolant system pressure-temperature

limitations for the Waterford Unit 3 Steam Electric Station is provided in the

subsequent subsections. RCS P-T limits were devcbped to meet the requirements

associated with 10 CFR Part 50 Appendix A (Ref. 6), Design Criterion 14 and

Design Criterion 31. These design criteria require that the reactor coolant pressure

boundary be designed, fabricated, erected, and tested in order to have an extremely

low probability of Gnormal leakage, rapid failure, and gross rupture. The criteria

also require that the reactor coolant pressure boundary be designed with sufficient

margin to assure that when stressed under operating, maintenance, and testing the

boundary behaves in a non-brittle manner and the probability of rapidly propagarmg |

fracture is minimited,

Specific requirements regarding the development of pressure-temperature limits are-

provided by 10 CFR 50 Appendix G (Ref.1) which forms the general basis for these

limitations. 10 CFR Part 50 Appendix G mandates margins of safety against fracture

equivalent to those recommended in the ASME Boiler and Pressum Vessel Code,

Section III, Appendix G. Protection Against Nondnetite Failure (Ref. 7, referred to

herein as ASME Code, Appendix G). Toe general guidance provided by the ASME

Code, Appendix G procedures has been utilized to develop the revised Waterford Unit

3 reactor vessel beltline pressure-temperature limits with the requisite margms of

safety for the bestup, cooldown and inservice hydro test conditions.

Within the RCS, the reactor vessel beltline region is subjected to sufficient neutron

irradiarion to alter the matenal fracture toughness properties of the beltline material.

The effects of neutron irradiation has been included in the development of the beltline

pir.e mW. sus limits and based on the irradiation damage prediction methods of

Regulatory Guide 1.99 Revision 02 (Ref. 8). This methndology has been used to !

ei!cnin'a the limiting material Adjusted Reference Tw tures for Waterford Unit 3 ;ra

and has utilized peak I.D. surface fluence value of 2.29 x 10" n/cm corresponding to2

approxunately 20 Effective Full Power Years (EFPY) of operation.
i

!

|

;

I
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The following sections describe the methodology associated with tbc development of

tbc teactor vessel beltline pressure-temperamre limits. The transients analyzed were -

the isothermal condition, linear heatup rates of 30, 50, and 60'F/hr, and linear

cooldown rates of 10,30, and 100*F/hr. The beltline limits for inservice hydrostatic

test corresponding to an isothermal condition were also developed.

In addition to the beltline P-T limits, the additional requirements of 10 CFR 50

Appendix G and ASME Code have been developed to provide P-T limits appropriate

for the RCS.

2.2 BASIC DATA

Reactor Vessel Data Reference

2500 psia 9Design Pressure =

Design Temperature = 650*F 9

2250 psia 9Operating Pressure =

8.625 in 9Beltline Thichs =

Inside Radms (to wetted
86.971 in 9surface) =

0.21875 in 9 |Cladding Thickness =

1

1

Material-SA 533 Grade B Class 1 Reference i
l

23.8 BTU /hr-ft *F 10 iThermal Cotaductivity =

j28 x 10' psi 10Youngs Modulus =

!

7.77 x 10%/in/*F 10Coefficient of Thermal =

iErp== ion

0.122 BTU /lb *FSpecific Heat =

490 lbm/tV 11Density =

.

Stainless Steel Cladding

10.1 BTU /hr-ft *F 10'Ihermal Conductivity =

0.126 BTUllb *FSpecific Heat =

493 lbm/ff 11Density =

ABB Combumon Enguwerung Nuclear Servica
3
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2 iConvective film coefficient on vessel inside surface = 1000 BTU /hr-ft *F

|

2.3 ADJUSTED REFERENCE TEMPERATURE PROJECTIONS |
)
:

To permit the development of revised beltline P-T limits, it was necessary to calculate

the adjusted reference temperatures (ARTS) for the Waterford Unit 3 beltline ;

materials to establish the limiting material. The adjusted reference temperatures of

each reactor vessel beltline material were calculated at the postulated crack tip '

inherent with the beltline P-T limit analysis (1/4t and 3/4t) locations after 20 EFPY of

operation. The controlling material for Waterford Unit 3 was determined by

comparmg ART values for each material.

The adjusted reference temperatures (ART) were calculated using the procedures in

Regulatory Position 1.1 of Regulatory Gmde 1.99 Revision 2 (Ref. 8). The

procedure for en!culating ART values for a material in the beltline is given by the

following expression:

ART = Initial RTm + ARTm + Margin (1)

Tlw initial RTm is the reference temperanne for the unirradi=W material. He

ARTm is the mean value of the adjustment in the reference temperanue caused by

irradiation and is given by the following expression:

ARTm = (CF) f(0.28 - 0.10 log f) (2)

CF is the chemiery factor for the beltline matmals which is a function of the weight

percent copper and nickel for the material. Regulatory Guide 1.99 Revision 2

provides chemiery factors for welds and for base metal plates and forgings. The

term f is the neutron fluence at any depth in the vessel. The neutron fluence at any

deptis is given by the following expression:

f = f, e(-0.24x) - (3)

8 2The term fw is the neutron fluence (having units of 10 n/cm E > 1MeV) at the
inner wetted surface of the vessel, and x is the depth into the vessel wall from the

MER W Entmeemt Nucinar Servica
4
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inner wetted surface (inches). In this instance, the reactor vessel stainless steel

claMirw is ignored.

Margin is the quantity that is added to obtain a conservative upper bound value of

ART. The margin term is given by the following expression:

Margin = 2(of + #f2 (4)

The terms ai and a3 represent the standard deviations associated with the initial RTm

and the mean value for the reference temperature shift, respectively.

The following information provides the basis for the calculated ART values associated

with Waterford Unit 3 reactor vessel beltline:

1) Unirradiated beltline material data was obtamed fmm Tables 5.2-6 and 5.2-13

of Reference 12, including copper content, nickel content and initial reference

temperature (RTm). This data is summartzed in Table 1 for Waterford Unit
3. It should be noted that in the process of establishing Charpy upper-shelf ~

energy values for the Waterford Unit 3 reactor vessel beltline welds, an

inconsistency was identified for longitudinal seam 101-142B. A weld repair ^
was identified which identified a different weld wire heat and flux, along with

'

a different initial RTm and nickel content (w%). This information was
considered in the determmarion of the limiting beltline material. However, the

determmarion as to the extent and location of the weld repair was not within

the scope of this effort. The results of this inconsistency have had no bearing

on the results of this evaluation.
!

2) Peak neutron fluence for the Waterford Unit 3 beltline region was determined |
to be 2.29 x 10' n/cm (E > IMeV) at 20 EFPY. This was calculated by I2

linear interpolation using fluence values for 6 EFPY and 32 EFPY of !

n/cm and 3.69x10 ' n/cm , respectively, obtained from the2 26.47x10ts

surveillance capsule evaluation report (Ref. 3).

3) Calculations were based on the procedures in Regulatory Position 1.1 of NRC

Regulatory Guide 1.99, Rev. 2 (Ref. 8). Uncertamty in initial RTm was

taken as 0*F for measured values of initial RTm (o, values for 'the beltline

ABB Combaation Enguwenng Nuctsar Servica
$C-MECH-ER-02L Rev. 00
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materials were not required due to measured values of initial RTm. See 1

- subsequent discussion for the associated technical basis.)
l

.1

4) The effect of an 8'F reduction in reactor coolant cold leg temperature on

RTm hift was considered as recommended by Reference 13. This reduction.s

in reactor coolant cold leg temperature, from 553*F to 545'F, is still within
,

the irradiation temperature range for which the methods provided by in - I

Reference 8 are valid. Consequently, the margin term, g, currently accounts

for uncertainty in the prediction of RTm hift which could result from this is

type of irradiation environment variability and was assessed to be adequate.

l
According to Position 1.1 of Regulatory Guide 1.99, Revision 2 (Ref. 8), the - |.

uncertainty in the value of initial RTm is to be estimated from the precision of test j
method when a " measured" value of initial RTm is available. RTm is derived in
accordance with NB2300 of the ASME Boiler and Pressme Vessel Code, Section III. i

It involves both a seties of drop weight (ASTM E208) and Charpy unpact (ASTM !
E23) tests on the material. The RTm resulting from these two test methods of -|
evaluation are conservatively biased. The elements of this conservatism include: 'i

!

1) Selection of RTm is the higher of NDTT or Tcy - 60*F. The drop-weight

test is performed to obtain NDTT and a full Charpy impact curve is developed

to obtain Tcv for a given material. The combination of the two test methods :

gives protection against the possibility of errors in co*ii either test and,' ]
with the full Charpy curve, demonstrates that the material is typical of reactor |

lpressure vessel steel. Choice of the more conservative of the two (i.e., the

higher of NDTT or Tcv - 60*F) assures that tests at temperamres above the j
.

reference temperature will yield increasing values of toughness, and verifies I

the temperamre We of the fracare toughness implicit in the K, curve |
(ASME Code, Section III, Appendix G). !

i

|2) Selection of the most adverse Charpy results for Tcy. In accordance with

NB2300, a tempernaut, Tcy, is established at which three Charpy specimens

exhibit at least 35 mils lateral expansion and not less than 50 ft-lb absorbed |
u

energy. The three specimens will typically exhibit a range of lateral expansion
'

and absorbed energy consistent with the variables inherent in the test:

specimen temperature, testing equipment, operator, and test specimen (e.g., |

ABB Combustwn Enginnenng Nucinar Services
C-MECH-Elt-021, Jter. 00 6
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dimensional tolerance and material homogeneity). All of these variables are '

controlled using process and procedural controls, calibration and operator

trainmg, and they are conservatively bounded by using the lowest measurement

of the three specimens. Furthermore, two related criteria are used, lateral

expansion and absorbed energy, where consistency between the two

measurements provides further assurance that they are realistic and the

material will exhibit the intended strength, ductility and toughness implicit in

the Km curve.

3) Inherent conservatism in the protocol used in performmg the drop-weight test.

The drop-weight test procedure was carefully designed to assure attainment of .

I

explicit values of deflection and stress concentration, eliminating a specific !
i

need to account for below nommal test conditions and thereby guaranteeing a :
1

conservative direction of these uncertainty components. In addition, the test !

protocol calls for decreasing temperamre until the fgg failure is encountered,-

followed by increasing the test temperamre 10*F above the point where the

lag failure is encountered. This in fact assures that one has biased the i

\

resulting esumate toward a low failure probability region of the t+r.sure i
I

versus failure rate function diagrammad below. The effect of this protocol is I

to conservatively acev a *** the integrated uncertainty components.n-

i

1
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Given the three elements of conservatism described above, values of initial RTm

obtained in accordance with NB2300 will result in a conservative measure of the

reference temperature. The conservative bias of the NB2300 methodology and the

drop-weight test protocol essentially eliminate the uncertainty which might result from

the precision of an individual drop-weight or Charpy impact test. Therefore, when

measured values of RTm are available, the estimate of uncertainty in initial RTm is

taken as zero.

Adjusted reference temperatures for all beltline materials at the 1/4t and 3/4t locations

through 20 EFPY were calculated using Regulatory Guide 1.99 Revision 2 and the

controlling material can be established from the results of the material evaluation

shown in Table 2. The term " controlling" means having the highest ART for a given

time and position within the vessel wall. The highest, or limiting, ARTS are then -

used to develop the beltline pressure-temperar.tre limits for the corresponding time

period.

In the case of Waterford Unit 3, the limiting material at both the 1/4t and 3/4

locations after 20 EFPY is plate M-1004-2 based on the predicted ART values of

65.4*F and 54.0*F, respectively.

2.4 CALCULATION OF REACTOR VESSEL BELTLINE P-T LIMITS

2.4.1 General Method

The analytical procedure for developing reactor vessel pressure-temperature

limits utilizes the methnd< of Linese Elastic Fracmre Mechanics (LEFM) found
in the ASME Boiler and Pressure Vessel Code (ASME Code) Section III,

Appendix G (Reference 7) in accordance with the requirements of 10 CFR

Part 50 AWi G (Reference 1). For these analyses, the Mode I (openingt

mode) stress intensity factors are used for the solution basis.

The general metboll utilizes Linear Elastic Fracmre Mechanics procedures.

Linear Elastic Fracmre Mechanics relates the size of a flaw with the allowable

loading which precludes crack initiation. This relation is based upon a

mathemW41 stress analysis of the beltline material fracture toughness

properties as prescribed in Reference 7.

ABB Combustion Enguwmng Nuclear Servicer
C-MECH-ER-021 Rev. 00 8
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The reactor vessel beltline region is analyzed =ssiming a semi-elliptical surface

flaw oriented in the axial direction with a depth of one quarter of the reactor

vessel beltline thickness and an aspect ratio (depth to length) of one to six.

This postulated flaw is analyzed at both the inside diameter location (referred j

to as the 1/4t location) and the outside diameter location (referred to as the
3/4t location) to assure the most limiting condition is achieved. The above

flaw geometry and orientation is the maximum postulated defect size (reference

flaw) described in Paragraph G-2120 of Reference 7.

At each of the postulated flaw tip locations, the Mode I stress intensity factor,

K , produced by each of the specified loadings is calculated. The summationi

of the K, values is then compared to a reference stress intensity, Km, which is

the critical value of K, for the material and temperature involved. The result

of this method is a relation of pressure versus temperature for each condition

analyzed providing reactor vessel operating limits which preclude brittle

fracture.

In accordance with the ASME Code Section III Appendix G requirements, the

general equations for determininF the allowable pressure for any n9'mai rate 1

of twrature change during Service level A and B operation are:

2Km + Ker < K. (5)
i

and

1.5Km + Krr < Km (Insemce Hydrostatic Test) (6)

where,

Km = Allowable pressure stress intensity factor. KsiVm

Krr = Thermal stress intensity factor, Ksi/m

Km = Reference stress 'mtensity, Ksi6

l

!

ABB Combeation Engineemg Nuclair Services
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The reference stress intensity Km is defined by Paragraph G-2110 of Reference

7 as

Km = 26.78 + 1.223 e[0.0145(T-ART + 160)] (7)
,

where, -

reference stress intensity factor, KsivTn'Km =

temperature at the postulated crack tip, *FT =

adjusted reference nil ductility temperature at theART =

postulated crack tip, 'F

At any instant durmg the postulated bestup or cooldown, Km is calculated -

based on the metal temperature at the tip of the flaw and the adjusted reference

temperature at that flaw location. The temperamre gradients across the reactor

vessel wall are also calculated for any instant during the heatup or cooldown

(see Section 2.4.2) and the corresponding thermal stress intensity factor, Kn,

is determmed. The thermal stress intensity is subtracted from the available K'm

to determine the allowable pressure stress intensity factor and consequently the

allowable pressure.

The pressure-temperature limits provided in this report account for the

temperature differential between the reactor vessel base metal and the reactor

coolant bulk fluid temperamre. Corrections to account for pressure |
differerrimin between the location of concern and the location of measurement I

due to elevation differences and RCS flow are included in the development of

the pie mwrature limits. Uncertainties for the temperature and
pressure instrumentation loops associated with control room indications are

also included. Consequently, the P-T limits are provided on coordinates of

irvhW pressurizer pressure versus indicated RCS temperamre.

Tbc reactor coolant system pressure measurement is taken from the

pressurizer. The differential pressure due to the elevation difference between !

the reactor vessel beltline wall and the pressunzer was conservatively

ABB Combustion Engineemt Nuclear Services
10 jC-MECH ER-021. Rev. 00

!



[
-

.>

- -
.

established and equal to 36.04 psia for all temperatures. The pressure

differential due to the flow induced pressure drop between the reactor vessel

inlet nozzle atxt outlet nozzle was established based on four (4) reactor coolant

pumps operating and is equal to 34.71 psi. The pressure differential

associated with hot leg flow induced pressure drop was estimated to be 0.1%

psi. The uncertainty associated with the pressure indication instrument loop

was established as 28.34 psi for the narrow range instrument and 114.89

for the wide range instrument. This information was combined to determme

the following pressure correction factor utilized in the development of the P-T

curves:

Actual Pressure (P) Range Total Pressure Correction Factor (PCF)

P < 200 psia -186 psi

200 psia s P < 850 psia -100 psi

850 psia s P s 3000 psia -186 psi

The un:ertamty associated with the tw .mre iMhtion instrument loop wasr

also included. This value was established to be t25.6*F (Reference 14).

By explicitly accoimtmg for the tgranue differential between the flaw tip
base metal temperature and the reactor coolant bulk fluid temperature, and the

pressure differentials between the beltline region of the reactor vessel and the

pressurizer including the uncertainties associated with the indication loops, the

P-T limits are correctly represented on coordinates of iMb'M pressunzer

pressure and iMbtM_ cold leg temperature.

2.4.2 Thermal Analysis Methodology

The Mode I themul stress intensity factor is obtained through a detailed

thermal analysis of the reactor vessel beltline wall using a computer code. In
this code a one dimensional three noded isoparametric finite element is used

for performing the radial conductiorsonvection transient beat transfer

analysis. The ve.ssel wall is divided into 24 elements and an accurate

distribution of temperature as a function of radiallocation and transient time is
calculated. The code utilizes a convective boundary condition on the inside

ABB Combustion Engineenng Nudaar Services
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wall of the vessel and an insulated boundary on the outside wall of the vessel.

Vartanon of material properties through the vessel wall are permitted allowing

for the change in material thermal properties between the cladding and the

base metal.

In general, the temperature distribution through the reactor vessel wall is

governed by a partial differential equation,

BT 63T 1 87
p C, yg = K 3 ~Mr

subject to the following boundary conditions at the inside and outside wall

surface locations:

-K f = h (T-T, )At t = ri

Atr = r, =0

where, ,

density, Ib/fh=p

specific heat, BTU /lb *FC =

P
thermal conductivity, BTU /hr-ft *FK =

vessel wall temperamre, 'FT =

radius, ftr =

time, hrt =

2convective heat transfer coefficient, BTU /hr-ft ,.pb =

RCS coolant temperamre, 'FT, =

ri,r. = inside and outside radii of vessel wall, ft

The above is solved numerically using a finite element model to deternune

wall tv.iurs as,a function of radius, time, and thermal rate.

Thermal stress intensity factors are calculated using a superposition technique

and influence coefficients specifically generated for this purpose. The

influence coefficients depend upon the geometry of the maximum postulated

ABB Combustum Eagmeermg Nuctsar Services
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defect, the geometry of the reactor vessel beltline region (i.e., r/ri, a/c, a/t i,

where a= crack depth, c= crack half length, and t= vessel wall thickness), and

the asemed unit loading. The alternate method employed utilized a third
I

!

order polynomial fit of the temperature profile and the respective influence
,

coefficient (uniform, linear, quadratic and cubic) to calculate each profile |
I

contribution to Kn. The total Kn was the summation of all the contributions.
The influence coefficients were calculated using a detailed 2-dimensional finite

element model of the reactor vessel. The influence coefficients were corrected

for 3-dimensional effects using ASTM Special Technical Publication 677

(Reference 15).

ASME Code Section IH Appendix G recognizes the limitations of the method

it provides for calculating Krr because of the as9'med temperamre profile. An

alternate method for calculating Ker was employed as required by

Subsubparagraph G-2214.3 of Reference 7 to account for the varying

temperature profiles (and consequently varying thermal stress intensities)

railting from a detailed heat transfer analysis.

2.4.3 Heamp Limit Analysis

During a bestup transient, the thermal bending stress is compressive at the

reactor vessel inside wall and tensile at the reactor vessel outside wall.

Internal pressure creates a tensile stress at both the inside wall and the outside

wall locations. Consequently, the outside wall location has the larger total

stress when compared to the inside wall. However, neutron embrittlement, the

shift in material RTmyr, and the associated r~hnian in fracture toughness are

greater at the inside location than the outside. Therefore, both the inside and

outside flaw locations must be analyzed to assure that the most limiting

condition is achieved.

As described in Section 2.4.1, the reference stress intensity factor is calculated

for the metal temperature at the tip of the flaw and the adjusted reference

temperature at the flaw location. Durmg beamp, the reference stress intensity

is calculated for both the 1/4t and 3/4t locations. The twature profile

through the wall and the metal temperatures at the tip of the flaw are

calculated for the transient history using the finite element metnd described inh

ABB Combustion Enginerug Nuclear Services
C-MECH ER-021, Rev. 00 13



. - - . _ . _ _ __ _ _ g

4 1
,

!

!

Section 2.4.2. This information is used to emimia the thermal stress intensity i
factor at the 1/4t and 3/4t locations using the calculated wall gradient and

thermal influence coefficients. The allowable pressure stress intensity is then

determined by rearranging equation 5 to give !
!

>

;

h

14 == (Kra - Krr)/2_ (8)

The allowable pressure is then derived from the calculated allowable pressure

stress intensity factor. Influence coefficients due to unit pressure loadings

have been developed through detailed finite element analyses. These influence !

coefficients permit expedient conversion of the stress iprensity factor to an ;

allowable pressure.

!

It is interestag to note that a sign change occurs in the thermal stress through

the reactor vessel beltline wall. Considering a reference flaw at the 1/4t

location, it can be shown that the thermal stress tends to alleviare the pressure ;

stress. This would indicate that the isothermal steady staae condition would |

represent the controlling P-T limit. However, the isothermal condition may '

not always' provide the limiting pressure-temperamre limit for the 1/4t location ,

during a heatup transient. This is due to the correction of the base metal

temperamre to the Reactor Coolant System (RCS) fluid temperamre at the ;

inside wall by accounting for clad and film temperature differentials. !

>

For a given beamp rate (non-isothermal), the differential temperature through !

Ithe clad and film increases as a function of thermal rate r=*i= in a higher

RCS fluid temperamre at the inside wall than the isothermal condition for the +

same flaw tip temperamre and pressure. Therefore, to ensure the accurate

W of the 1/4t pressure-temperanue limit during beamp, both the -)
isothermal and heamp rate dW pressure-temperanut limits are calculated |
to ensure the limiting condition was achieved. The limits for both heatup and : j

cooldown account for clad and film differential temperatures and for the j

gradual buildup of wall differential tocoy.r.iares with time. !
!

l
:
I

!
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At the 3/4t location the pressure suess and thermal stresses are both tensile,
|resulting in the maximum stress at that location. Pressure-temperature limits

were c*nkt~i for the 3/4t location accounting for clad and film differential
i

temperanue and the buildup of wall temperamre gradients with time using the |
method described in Section 2.4.2. The allowable pressure based upon a flaw

at the 3/4t location was derived in the same way as if the flaw were at the 1/4t -

location. With the Km and Kg both calculated, equation 8 is used to solve for

the allowable pressure stress intensity, Km. The allowable pressure is then
calculated using Km.

:
1

|

To develop composite pressure-temperature limits for the heatup transient, the
'

isothermal,1/4t heatup, and 3/4t heatup pressure-temperanut limits are

compared for a given thermal rate. The most restrictive pressure-temperature

limits are then compiled for each analyzed tw.rutz throughout the transient
duration, resulting in a composite limit curve for the reactor vessel beltline for

the heatup event.

Table 3 provides the results imnn-emperature limits for linear heatup rates 1

of 30,50, and 60*F/hr. The allowable pressure is in units of psia, and the'
tgremre is in units of 'F. Figure 1 provides a graphical presentation of '

{ the heatup pressure-temperature limits found in Table 3. It is permissible to

linearly interpolate between the beamp pressure-temperature limits.:

i

!
3

2.4.4 Cooldown Limit Analysis I
i I

| During cooldown, membrane and thermal heading 2 tresses act together in

j tension at the reactor vessel inside wall. This results in the pressure stress
t

intensity factor, Km, and the thermal suess intensity factor, Krr, acting in ;
i

unison creating a high stress intensity factor. At the reactor vessel outside

wall the tensile pressure stress and the compressive thermal stress act in-
!

opposition resulting in a lower total stress intensity factor than at the inside !
,

wall location. Also' neutron embrittlement, the shift in RTer, and the.

|

associated ruso in fracture toughness are less severe at the outside wall

when compared to the inside wall lecation. Consequently, the inside flaw

location is always more limiting and is analyzed for the cooldown event.
>

3

;
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C-MECH-ER421, }ter. 00-

15
1.

.. . . _ . . _ _ . - _ _ _ , _ . __._-.-m __ -- _ _



- , y

. .

The reference stress intensity is once again determmed using the material

metal temperature and adjusted reference temperature at the 1/4t location.

From the method provided in Section 2.4.2, the through wall temperature

gradient is calculated for the assumed cooldown rate to determine the thermal

stress intensity factor. In general the thermal stress intensity factors are found

using the temperature profile through the wall as a function of transient time as

described in Section 2.4.2. They are then subtracted from the available Km

value to find the allowable pressure stress intensity factor and consequently the

allowable pressure.

Pressure-temperature curves are generated for cooldown transients the same

way they are generated for heatup transients. Tbc allowable pressure stress

intensity at the 1/4t location is calculated using equation 8, and the allowable

pressure is calculated from the allowable pressure stress intensity factor, Km.

To develop a composite pressure-temperature limit for a specific cooldown

event, the isothermal pressure-temperamre limit must be calculated. The

isothermal pressure-temperature limit is then enmaared :o the limit associated

with the specific cooling rate, and the more restnctive of the two limits is

chosen to result in a composite limit curve for the reactor vessel beltline.

Table 4 provides the results for the isothermal condition and the linear rates of

10, 30, and 100*F/hr cooldown. The allowable pressure is in units of psia,

and the temperature is in units of 'F. Figure 2 provides a graphical

presentation of the cooldown pressure-temperature limits found in Table 4. It

is permissible to linearly interpolate between the linear cooldown pressure-

temperature limits.

2.4.5 Hydrostatic Test Limit Analysis

Both 10 CFR Part 50 Appendix G and the ASME Code Appendix G require

the development of pressure-temperature limits which are applicable to

inservice hydrostatic tests. For hydrostatic tests performed subsequent to

loading fuel into the reactor vessel, the minimum tect tmpsature is

determmed by evaluating the Mode I stress 'mtensity factors. The evaluation

of these factors is performed in the same rnanrer as that for normal operation

A.BB Combustion Engsneenng Nuclear Services
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beatup and cooldown conditions with two differences. Equation 6 shows that

the safety factor applied to the pressure stress intensity factor is 1.5 instead of

2.0. Also, the inservice hydrostatic test limit is established based upon an

isothermal condition. This elimmates the thermal stress intensity factor, Krr.

from equation 6.

'

The inservice hydrostatic test limit is provided for 20 EFPY in Table 5 and is

shown in Figure 3. The mimmum temperature for the inservice hydrostatic

test presmre can be conservatively determmed using the guidance of ASME

Code Section XI, Subarticle 2500 (Reference 16) using the curve developed

for inservice hydrostatic test. A test temperature (indicated) equal to 219.8'F

is necessary for the selected test pressure of 2475 psia (1.1 times normal

operating pressure).

2.5 CORE CRITICAL LIMITS

Pressure-temperamre limits for core critical operation are specified in 10 CFR 50,

Appendix G to provide additional margin durmg actual power operation. The

pressure-temperamre limit for core critical operation is based upon two criteria.

These criteria are that the reactor vessel must be at a tuuperamre equal to or greater -

than the mmimum temperature required for the inservice hydrostatic test (219.8'F)

and be at least 40*F higher than the minimum pressure-temperamre curve for normal

operation beatup or cooldown.

Note that the core critical limits established above are solely based upon fracture

mechanics considerations and do not consider core reactivity safety analyses which

can control the iuuperature at which the core can be brought critical. |

2.6 FLANGE LIMITS

As stated in Reference 1, the temperature of the closure flange regions must exceed

the initial RTm f the material by at least 120*F for normal operation. Theo

temperature must exceed the initial RT.or by at least 90*F for hydrostatic tests and |

leak testing when the pressure exceeds 20% of preservice hydrostatic test pressure.

|
l

|
|
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Accoimtmg for instmment uncertamty, the flange limits were calculated to be (given
'

an initial RTm of 20'F) 165.6'F for normal operation and 135.6*F for hydrostatic

testing. These are the Inmimum temperatures in the flange region for the pressure to

exceed 20% of the preservice hydrostatic test pressure.

A review of the original design basis was performed which identified flange limits
,

developed using the guidance of ASME Code. Section IH, Appendix G. This

provided a flange limit associated with a heatup rate of 50*F/hr which was adjusted
,

with the correction factor from Section 2.4.1. The flange limit is provided below in

terms of indicated pressure and temperature.
;

50*F/hr heatup Indicated T, (*F) Indicated P.,, (osia)

215.6 618

265.6 3991

The design basis value is more restrictive while meetmg 10 CFR 50 Appendix G

requirements and shall be used in the development of the Techmcal Specification.

2.7 LOWEST SERVICE TEMPERATURE
.

The lowest Service Temperature is the minimum allowable temperature at which ,

pressures can exceed the pre-operational system hydrostauc test pressure (625 psia >

uncorrected). This temperature is defm' ed by Paragraph NB-2332 of ASME Code

Section III (Reference 17) as to the most limiting RTm for the h=I=# of Res.ctor

Coolant System (RCS) components plus 100*F.

The maxunum RTm for the balance of the RCS components was conserveively
established to be 90*F and was associated with the reactor coolant pump. Therefore,

the Iowest Service Temperature is equal to 100*F + 90*F + 25.6*F = 215.6'F,

where 25.6*F is the kmgrature instmment uncertainty.

2.8 MINIMUM PRESSURE -

) The minimum pressure limit is defined as 20% of the pregrational hydrostatic test

pressure. Therefore, the minimum pressure is 625 psia uncorrected. After

application of the appropriate pressure correction factor, the indicated mmimum

ABB Combustion Engineenng Nudear Services
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pressure was calobted o be 525 psia. The mmimum pressure shall not be exceededt

prior to achieving a coolant temperature equal to the Lowest Service Temperature.

2.9 MINIMUM BOLTUP TEMPERATURE

The minimum boltup temperature is the minimum allowable temperature for the

flange to be stressed by the full intended bolt preload and by pressures less than or

equal to 20% of the pre-operational system hydrostatic test pressure. The muumum

boltup temperanut is defined by Paragraph G-2222 of ASME Code Appendix G

(Reference 7) as the initial RTm for the material of the higher stressed region of the

reactor vessel plus any effects for irradiation. The maximum initial RTm associated

with the stressed region determmed to be 20*F. The mmimum boltup temperature

including temperature instrument uncertamry is 20*F + 25.6*F = 45.6*F. However,
for additional conservatism it is recommended that the currently specified indicated

temperature of 72*F conttmie to be used.

|

'

i
i

1

|

|

i

I

|
'
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3.0 LTOP ENABLE TEMPERATURES
!

i

Stadard Review Plan 5.2.2, Overpressure Protection (Reference 18), has defined the j

temperature at which the Low Temperature Overpressure Protection (LTOP) system j
should be operable during startup and shutdown conditions. This temperature, known

as the LTOP enable temperature, is defined as the water temperature corresponding to

a metal temperature of at least RTm + 90*F at the beltline location (1/4r or 3/4t)

that is controlling in the Appendix G calculations. The ASME Section XI Code Case

N-514 (Ref.19) suggests a coolant temperature which corresponds to a metal

temperature of at least (ART + 50*F) at the beltline location or 200*F, whichever is :

greater. The results of this method (referred to as the N-514 method below) are

included for information only at this time.

The LTOP enable temperature for cooldown is based on the tsothermal case. The

1/4t location is limiting for both cooldown and isothermal cases. During a cooldown :

transient, the temperature at any point in the wall is higher than the coolant

temperature. 'Iberefore, it is conservative to determine the LTOP enable temperature

for cooldown based on an isothermal case. In an isothermal condition the water
|temperamre is equal to ART + 90*F. Including instrument urssiinty, the LTOP

enable temperature for cooldown was established to be 181*F.

LTOP enable temperamres for heatup were determined for each heatup rate at both j
the 1/4t and 3/4t locations. The values and controlling locations are provided below. |

|

LTOP Enable Temperamres (SRP 5.2.2)

Heamp, 20 EFPY j

1/4t flaw location 3/4t flaw location

30*F/h 193.7'F (3/4t limiting) 192.3*F (3/4t limiting)

50*F/hr 201.8'F (3/4t limiting) 206.8'F (3/4t limiting) |
60*F/hr 205.6*F (3/4t limiting) 213.6*F (3/4t limiting)

Reybw of these values along with consideration of the allowable hestup rates and

respective temperature ranges provide an LTOP enable temperamre of 206.8'F

(207'F) including instrument uncertainty. Above this value, the primary safety valves

provide adequate protection.

ABB Combustion Engineenng Nuclear Services
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The LTOP enable temperatures were calculated using the criteria (ART + 50*F) of |
i

Code Case N-514.- In the case of both heamp and cooldown, the values were less j

than 200*F. Consequently, the LTOP enable temperatures for heatup and cooldown |
would be 200*F based on Code Case N-514. i

,
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4.0 PRESSURI7Fn THERMAL SHOCK (PTS) SCREENING CRITERIA

In accordance whh 10 CFR 650.61 (Ref. 20), the pressunzed thermal shock (PTS)

criteria were evaluated with this update of the pressure-temperature limits to ensure a

complete submittal. Once the value of RTm is calculated for all beltline materials, it

must not exceed the PTS screening criteria of 270*F for plates, forgings, and axial

weld materials and 300*F for circumferential welds. As required by 10 CFR 550.61,
"

the RTm is calculated using the following equation

RTm = I + M + ARTm (9)

where I is the initial reference temperature of the material, M is a margin added to

cover uncertainry in the initial RTm, and ARTm is the shift in the initial reference

temperamre caused by irradiation. Measured values of I were used, so M was set to

56*F for weld materials and 34*F for base metals. The ARTm term is calculated at
the vessel inside surface using the same equadon for calculating ARTm (eq. 2).

Material informanon from Table 1 and an estimated peak surface fluence of 3.69x10'
2n/cm corresponding to 32 EFPY (from Ref. 3) were used to enteninta RTm for all

the beltline materials, and the results are presemed in Table 6.
.

5

|
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5.0 END-OF-LIFE UPPER SHELF ENERGY
1

10 CFR 50 Appendix G requires that the reactor vessel beltline material mamtsin a !

Charpy upper-shelf energy (U52) of 50 ft-lbs throughout its operational lifetime. 1

Regulatory Guide 1.99 Rev. 2 (Reference 8) provides a method to predict the
'

decrcr. e in Charpy USE which is based on initial Charpy USE. accumulated fluence ,

and copper content (w%). To ensure compliance with 10 CFR 50, Appendix G the. ;

decrease at end-of-life (32 EFPY) was calculated through strict appliution of : ;

Regulatory Position 1.2 of Reference 8. Values of initial Charpy USE were obtained, |
. 1

in most instances, from Reference 12. To evaluate the beltline welds, Waterford Unit j

3 original fabrication records were used to ascertain the initial Charpy USE' values. '|
The initial and end-of-life (1/4) Charpy USE values are summarized'in Table 6. |

r
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6.0 SURVFTT LANCE CAPSULE WITHDRAWAL SCHEDULE

The Waterford 3 reactor has 6 surveillance capsules designed to monitor the changes

in beltline material propenies (Ref. 21). The governing withdrawal schedule for these

capsules as required by 10 CFR 50. Appendix H, is defined in Table 5.3-10 of the

Waterford 3 Final Safety Analysis Repon (FSAR) (Ref. 22). This current withdrawal

schedule is presented in Table 7 along with the capsule identification number and

original target fluence as presented in Reference 3.

Capsule 2, located at the 97 degree position, (also referred to as capsule W-97) was

removed, and the encapsulated specimens were tested. A major result in the W-97

capsule repon peninent to the capsule removal schedule was a change in.the capsule

lead factors. The lead factor is defined as the ratio of neutron flux density at the

location of the specimens in a surveillance capsule to the neutron flux density of the

inside surface at the peak fluence location (Ref. 23). For capsules W-104 and W-284

the lead factor was revised from 1.5 to 0.81 (Ref. 3) and for the remnining capsules

(W-83, W-97, W-263 and W-277) the lead factor was revised from 1.5 to 1.26 in

Reference 3.

A revised wheditie was developed using the lead factors provided by Reference 3 and

the guidance of ASTM E185-82 in accordance with current 10 CFR 50, Appendix H

requirements. Factors external to the ASTM E185-82 procedure that were also

considered included:

1. Coordinanon with the generation of P-T limits and LTOP evalua. tion beyond

20 EFPY. - If additional surveillance cipela infonnation is to be used to

support the generation of P-T limits and an LTOP evaluation beyond 20

EFPY, the next capsule withdrawal must allow for enough time to analyze the

E-:=p=itad materials as well as develop new P-T limits and LTOP

requirements pnor to 20 EFPY.

2. Potentini for use of Position 2 of Regulatory Guide 1.99, Rev. 2 - Surveillance

capsule data may be used in conjunction with Position 2 of R.G.1.99, Rev. 2

to predict mean shift in reference tempersmre (ARTm) and decrease in upper

shelf energy (USE) once credible surveillance data is obtained. One

requirement for credibility is that, "the surveillance data for the correlation

ABB Combustion Engineering Nuclear Services
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monitor material in the capsule should fall within the scatter band of the data

base for that material" (Reference 8).

Capsule W-97 did not contain correlation material (Ref. 21), so the next

capsule withdrawn must contain correlation material in order to allow for the

use of Position 2 of R.G.1.99, Rev. 2. The two capsules that contain

correlation material are W-104 and W-263 (Ref. 21).

3. The reactor coolant cold leg temperature for Waterford 3 has been reduced by

8'F from 553*F to 545'F (Ref.13). The effect, if any, of this temperature

reduction on the reactor vessel beltline materials must be monitored.

The new operating condition was evaluated, and it was determined that the

requirements of 10 CFR 50, Appendix G and 10 CFR 50.61 are not affected

by the temperature reduction of the cold leg (Ref.13). However, variations in

the adjusted reference temperature (ART) and upper shelf energy (USE) of the

surveillance material from pr*M decreases must be monitored to verify the

validity of the previous studies. This evaluation should be made at the time of

the second surveillance capsule withdrawal, and modifications to the shift in

ART and USE predictions can be made if nemury. The timing of the second

capsule withdrawal should be such that significant variations from predictions

can be detected early enough to ensure that the P-T limits based on the ART

predictions remam conservative.

4. The surveillance capsule withdrawal schedule should be managed with

consideration given to plant license renewal. Enough capsules must be tested

to assure confidence in beltline material properties, but capsules should also be

conserved to allow for future testing beyond the current design lifetime.

The guidelines provided in Section 7, " Irradiation Requirements" and Subsection 7.6,

" Number of Surveillance Capsules and Withdrawal Schedule" of ASTM E185-82

(Ref. 23) are currently required by 10 CFR 50, Appendix H for establishing the

surveillance capsule withdrawal schedule. A review of the proposed revised standards

(Ref. 24) showed no changes affecting the method for determining the withdrawal

schedule. Therefore, future modifications to 10 CFR 50 Appendix H by reference to

this revised ASTM E185-93 standard are not expected to alter the capsule withdrawal

ABB Combustion Engineering Nuclear SeMces
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requirements.
;

According to ASME E185-82 (Ref. 23), the peak vessel inside fluence at EOL and
,

the corresponding transition temperature shift must be estimated to determine the

number of capsules required for removal. Waterford 3 has a peak EOL Quence of ;

3.69 x 10'' n/cm (Ref. 3) and a 1/4t Duence of 2.20 x 10 ' n/cm (using equation 32 2

of R.G.1.99, Rev. 2 to attenuate Quence to the 1/4t location).

Based on the calculations of RTm (Table 6), the largest shift in reference temperature

(ARTm) at EOL is'59.4*F (note that the method in 10 CFR 50.61 for calculating

.iRTm and the R.G.1.99. Rev. 2 method for calculating ARTm produce equivalent
results). Using ASTM E185-82, it was determmed that 3 capsules must be withdrawn

in the following order.

First Capsule: (Removed and tested)

Second Capsule: At 15 EFPY or at the time when the accumulated neutron

fluence of the capsule corresponds to the approximare EOL fluence at the

reactor vessel inner wall location, whichever comes first.

Third (Final) Capsule: At EOL but not less than once or greater than twice

the peak EOL vessel fluence. This may be modified on the basis of previous

tests. This capsule may be held without testing following withdrawal.

The second capsule to be withdrawn could be either W-104 or W-263 to obtain

credible surveillame data. However,. capsule W-104 has a low lead factor (0.81),

whereas capsule W-263 has a high lead factor (1.26). It is preferred to withdraw

capsule W-263 for the second capsule, as the capsule fluence would be greater than

the peak surface fluence received by the vessel. Capsule W-263 would be expected to

receive a fhumce equivalent to the EOL fluence at the reactor vessel inner wall at

25.4 EFPY (32 EFPY/1.26).

;

.
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Given the criteria for withdrawal of the second capsule (above), capsule W-263

should be withdrawn at 15 EFPY. The capsule fluence corresponding to 15 EFPY

was estimated to be 2.18 x 10t' n/cm using the lead factor of 1.26 and linear2

Iinterpolation of the EOL vessel fluence of 3.69 x 102' n/cm E ven in Reference 3.2 i

Modifying the withdrawal schedule to meet the current edition of ASTM standards

calls for the last capsule to be removed between 25.4 and 50.8 EFPY. It is suggested

that capsule withdrawal occur no later than 32 EFPY because this time corresponds to
2the plant EOL. This will correspond to a capsule fluence of 4.65 x 10t' n/cm .

Given the requirements of 10 CFR 50, Appendix H and ASTM E185-82 along with

the plant-specific considerations for Waterford 3, Table 8 presents the recommended

schedule for the Waterford 3 reactor vessel surveillance capsule removal program:

This schedule meets ASTM E185-82 requirements for capsule withdrawal (Ref. 23) as

currently required by 10 CFR 50, Appendix H. It allows for detection of any effect

on ARTer or decrease in USE which could result from the reduction in cold leg

temperature. This schedule should make available credible surveillance data for

analyses following Position 2 of Regulatory Guide 1.99, Revision 2 (Ref. 8), and it
'

provides for capsule withdrawal and testmg prior to a P-T limit modification

following 20 EFPY. This schedule will also allow for a sufficient number of standby

capsules (3) to be maintained for possible license renewal or to provide for other |

future contingencies.

1

i

i

.

I
1

l
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7.0 RESUJ
'

Revised reactor vessel beltline P-T limits associated with twenty (20) EFPY have been

developed for heatup, cooldown, and inservice hydrostatic test. The reactor vessel P-

T limits are provided in tabular form in Tables 3. 4 and 5 and graphically in Figures

1, 2 and 3. The beltline limits were considered in conjunction with the other limits

discussed in Sections 2.5-2.9 to produce new Technical Specification Figures 3.4-2

and 3.4-3 for heatup and cooldown, respectively. These Technical Specification

figures meet the requirements of 10 CFR 50, Appendix G and guidance of ASME

Section III, Appendix G, and they will continue to support the Waterford 3 Technical

Specifications through 20 EFPY.

The heatup and cooldown rates, along with the associated temperature ranges remain

the same as currently specified in the Technical Specifications (8 EFPY). The

Technical Specification Figures for 20 EFPY provide a less restrictive controlling

pressure than the current P-T limits for 0-8 EFPY, so the current SDCS relief valve

setpoint and other administrative controls previously established for LTOP will

contmne to provide adequate protection.

An evaluation of the PTS screening criteria was performed in accordance with 10

CFR 50.61. Values of RTm were calculated for all beltline materials at end of life

and are shown in Table 6. The values of RTm for all beltline materials were far
below the screening criteria and therefore meet the requirements of 10 CFR 50.61.

The end of life USE was evaluated for all beltline materials in accordance with

References 1 and 8. The decrease in USE resulting from irrutiation was calculated at

the 1/4t location, and the results are shown in Table 6. All values for end of life

USE are well above 50 ft Ibs and satisfy the requirenwnts of 10 CFR 50, Appendix

G.

A revised surveillance withdrawal schedule was developed based on the results of the

W-97 capsule evaluation report. This revised schedule, Table 8, has been developed ;

to meet utility goals and the requirements of 10 CFR 50, Appendix H.

I
i

|

|
1
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Table 1

RPV Beltline Materials

Charpy

Initial Copper Nickel I.ongitudinal

Product Material ID RTsm. ('F) Content Content USE(ft Ibs)

Plate M-1003-1 -30 0.02 0.71 144

Plate M-1003-2 -50 0.02 0.67 149

Plate M-1003-3 -42 0.02 0.70 138

Plate M-1004-1 -15 0.03 0.62 163

Plate M-1004-2 22 0.03 0.58 144

Plate M-1004-3 -10 0.03 0.62 145

Weld 101-124 A -60 0.02 0.% 106t*

Weld 101-124 B,C -60 0.02 0.M 131(*

Wcld 101-142 A,B,C -80 0.03 < 0.20 129(*

Weld 101-171 -70 0.05 0.16 166(d

i

Weld (repair) 101-142 B -40(8 0.03(8 0.97(8 110(*
1

|
!

(a) Values were c*datM using information from weld Cenified Material Test

Reports and Weld Inspection Forms.

4

|

l
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' Table 2

-"

o

ART Values for Beltline Materials at 20 EFPY
.

:

s'
Product Matt. ID Init. ARTuor ARTuor 8 o, a, M 1/41 M 3/4t ART ART

RT,.n (1/4t) (3/4t) (1/4t) (3/4t) 1/4t 3/4
:

} Plate M-1003-1 -30 21.i 16.0 0 10.9 8.0 21.7 16.0 13.4 2.0

1
l Plate M-1003-2 -50 21.7 16.0 0 10.9 8.0 21.7 16.0 -6.6 -18.0

1 Plate M-1003-3 -42 21.7 16.0 0 10.9 8.0 21.7 16.0 1.4 -10.0

Plate M-1004-1 -15 21.7 16.0 0 10.9 8.0 21.7 16.0 28.4 17.0

Plate M-1004-2 22 21.7 16.0 0 10.9 8.0 21.7 16.0 65.4 54.0

Plate M-1004-3 -10 21.7 16.0 0 10.9 8.0 21.7 16.0 33.4 22.0

Weld 101-124 -60 29.3 21.5 0 14.7 10.8 29.3 21.5 -1.4 -17.0

| A,B,C

Weld 101-142 -80 38.0 27.9 0 19.0 14.0 38.0 27.9 -4.0 -24.2

A,B,C

Weld 101-171 -70 48.2 35.4 0 24.1 17.7 48.2 35.4 26.4 0.8

|

| Weld 101-142 -40 44.5 32.7 0 22.3 16.4 44.5 32.7 49.0 25.4

(repair) B

|

f

8

, a
. _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ . _ . _ _ . . _ _ _ _ _ _ _ . _ _ _ _ . . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 3
,

Beltline P-T Limits

Heatup, 20 EFPY (psia)

RCS Temp RCS Temp RCS Temp RCS Temp

(*F) Isothermal (*F) 30*F/hr (*F) 50*F/hr ('F) 60*FMr

72 572.0 72 572.0 72 572.0 72 572.0

75.6 582.0 75.6 582.0 75.6 582.0 75.6 582.0

85.6 610.8 85.6 610.8 85.6 610.8 85.6 610.8

95.6 644.1 95.6 618.4 95.6 598.9 95.6 594.5

105.6 682.6 105.6 632.7 105.6 594.0 105.6 583.5

115.6 727.1 115.6 659.8 115.6 601.4 115.6 583.7

120.0 749.9 * 125.6 692.6 125.6 619.9 125.6 594.5

120.1 664.0 * 135.6 746.8 135.6 646.7 135.6 615.1

125.6 622.6 136.1 749.9 * 145.6 687.6 145.6 645.5

135.6 752.1 136.2 664.0 * 155.6 736.9 155.6 685.5

145.6 820.9 145.6 719.9 158.0 749.9 * 165.6 736.1

155.6 900.4 155.6 789.7 158.1 664.0 * 168.0 749.9 *

165.6 992.4 165.6 871.9 165.6 711.1 166.1 664.0 *

175.6 1096.6 175.6 967.3 175.6 763.2 175.6 711.6

185.6 1221.5 185.6 1078.5 185.6 866.6 185.6 785.7

195.6 1363.5 195.6 1206.9 196.6 966.8 195.6 873.0'
199.9 1271.0 * 200.0 1020.3 * -- --

-- --

205.6 1527.7 205.6 1356.0 206.6 1066.9 205.6 976.1

215.6 1717.5 215.6 1526.0 215.6 1222.2 215.6 1096.2

225.6 1937.0 225.6 1727.6 225.6 1360.5 225.6 1236.8

228.0 1424.6 * -- --
-- --

-- --

235.6 2190.7 235.6 1967.6 236.6 1564.2 235.6 1399.7

245.6 2483.9 245.6 2224.5 245.6 1777.0 245.6 1589.5 ;

246.2 2500.0 * 255.6 2523.5 255.6 2023.4 255.6 1808.8
266.6 2308.5 265.6 2063.8265.6265.6 ----

271.4 2500.0 * -- --
-- --

-- --

275.6 2636.5 275.6 2358.0275.6275.6 ----

285.6 2699.7285.6285.6 --

285.6 ----

:

* ' 4.- -:' ^ ^ j valueg

I

l
'

.

!

I,

I

1
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Table 4

Beltline P-T Limits
Cooldown, 20 EFPY (psia)

i

RCS Temp RCS Temp RCS Temp RCS Temp

(T) Isothermal (T) 10T/hr (1) 30T/hr (T) 1001/hr '

65.6_ 526.0 65.6 465.7 65.6 280.5 '65.6 --
,

72.0 572.0 77.0 542.9 * 72.0 464.9 * 72.0 310.1~
'

75.6 582.0 15.3 552.4 75.6 496.7 75.6 326.7 I

85.6 610.8 85.6 583.2 85.6 530.4 85.6 380.0

95.6 644.1 95.6 618.5 95.6 570.4 95.6 441.7

105.6 682.6 105.6 659.6 105.6 616.9 105.6 513.0 ,

115.6 727.1 115.6 706.8 115.6 670.3- 115.6 595.3 1

120.0 749.9 * 123.6 749.9 * 125.6 692.6 125.6 690.6

120.1 664.0 * 123.7 664.0 * 126.2 749.9 * 131.1 749.9 !

125.6 692.6 125.6 675.7 126.3 664.0 * 131.2 664.0 -

134.9 734.4 * 136.0 713.4 * -- ---- -- ,

135.6 752.1 135.6 738.8 136.6 717.8 135.6 714.6

145.6 820.9 145.6 812.2 146.6 800.8 145.6 820.9

155.6 900.4 155.6 896.6 155.6 896.2 155.6 900.4

165.6- 992.4 165.6 992.4 166.6 992.4 165.6 992.4
'

175.6 1096.6 175.6 1096.6 175.6 1096.6 175.6 1098.6

185.6 1221.5 185.6 1221.5 166.6 1221.5 -185.6 1221.5-- '

196.6 1363.5 195.6 1363.5 196.6 1363.5 196.6 1363.5
200.0 1436.7 * 200.1 1437.4 *-- -- -- --

205.6 1527.7 205.6 1527.7 206.6 1527.7 205.6 1527.7

215.6 1717.5 215.6 1717.5 215.6: 1717.5 ~ 215.6 1717.5

225.6 1937.0 225.6 1937.0 226.6 1937.0 225.6 1937.0 1

236.6 2190.7 236.6 '2190.7 236.6 -2190.7 - 235.6: 2190.7 |

245.6 2483.9 246.6 2483.9 246.6 : 2463.9 245.6' 2483.9
246.2 2500.0 * 246.2 2500.0 * 246.2 . 2500.0 * 246.2 2500.0 - !

* ' W-:'7 3 value
,

- 1

!
)

I
:

|
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Table 5

Beltline P-T Limits

Hydrostatic Test, 20 EFPY

1

RCS Temp Pall

( F)

72 710.2
75.6 723.3
85.6 761.7
95.6 806.1

105.6 857.5 ;

115.6 916.8
125.6 985.5 ;

'

135.6 1064.8
145.6 1156.5
155.6 1262.6

-165.6 1385.1
175.6 1526.8
185.6 1690.7
195.6 1880.0
205.6 2099.0
215.6 2352.1
21 9.8 2475 *
220.7 2500 *
225.6 2644.6

* - interpolated value

,

.
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Table 6 .

RTm and End of Life USE Evaluations

Product Matl. ID Initial ARTm RTm Initial USE End of Life

RT.,m (*F) (*F) Transverse USE

(*F) (ft Ibs) (ft Ibs)

Plate M-1003-1 -30 26.8 30.8 93.6 72.3

Plate M-1003-2 -50 26.8 10.8 %.9 74.8

Plate M-1003-3 -42 26.8 18.8 89.7 69.2

Plate M-1004-1 -15 26.8 45.8 106.0 81.8

Plate M-1004-2 22 26.8 82.8 93.6 72.3

Plate M-1004-3 -10 26.8 50.8 94.3 72.8

Weld 101-124A -60 36.1 32.1 106 81.8
'

Weld 101-124B,C -60 36.1 32.1 131 101.1

Weld 101-142A,B,C -80 46.8 22.8 129 99.6
,

Weld 101-171 -70 59.4 45.4 166. 128.2
-

1

Weld 101-142B -40 54.9 70.9 110 84.9

(repair) ;
:

|

.

B
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Table 7

i
|

WSES-FSAR-Unit 3, Capsule Assembly Removal Schedule ;

i

i

|

Capsule Capsule Azimuthal Lead Removal Target Fluence j
No. I.D. Location (deg.) Factor Time (EFPY) (n/cm )

1 W-83 83 1.5 Standby -- 1

2 W-97 97 1.5 3.5 - 4.5 0.6 x 10''
1

3 W-104 104 1.5 10 - 12 1.6 x 10''

6 W-284 284 1.5 16 - 20 2.5 x 10 '

4 W-263 263 1.5 Standby -

5 W-277 277 1.5 Standby -

.
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Table 8 ;

i

Proposed Capsule Removal Schedule Meeting ASTM E185-82 Requirements
1
;

|
i

Capsule Capsule Azimuthal Lead Removal Target Fluence

No. I.D. Location (deg.) Factor Time (EFPY) (n/cm )2

1 W-83 83 1.26 Standby --

2* W-97 97 1.26 4.44 6.47 x 1018

3 W-104 104 0.81 Standby ---

4 W-263 263 1.26 15 2.18 x 10''

5 W-277 277 1.26 25.4 3.69 x 105'

to to

50.8 7.38 x 105' |
RecomW_ Recommended !

$32 s4.65 x 10 '
i

6 W-284 284 0.81 Standby ---

* Values represent actual data on removed capsule.
|

1

i

!

ABB Combustion Engineering Nuclear Services
,

C-MECH ER-021. Rev. 00 36 !



, , . .- . ..

\; .

FIGURE 1
WATERFORD UNIT 3
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FIGURE 3
WATERFORD UNIT 3

APPENDIX G BELTLINE P-T LIMITS, HYDROSTATIC
2500

-

_

_

_

2000

%
~

US -

9.

$
D -

m
$ 1500
m
G. -

!!"
N

~

E
D

_

N -

w
@ 1000
0 .

$
~ /0
-O

E .

500

|

|
.

.

|
'

.

'''' '''' '''' '''' '''' '''' ''''0
O 50 100 150 200 250 300 350 400

INDICATED RCS TEMPERATURE (*F)

O psis < Pres < 200 pois, aP = -186 psi
ART200 psis & Pres < 850 psia, AP = -100 psi ,

B50 psis s Pres s 3000 pois, AP = -186 psi 1/4t = 65.4 *F j

AT = + 25.6 * F 3/4t = 54.OoF i

ABB Combustion Engineennt Nudear Sernces
(PETMil{fXifL Dn &) 30



w qg
-

. .-
.

|

2500 _ , , ,

: INSERVICE*

HYDROSTATIC*
f ... . . .

*:._. .. TEST.
*

3 LTOP ALIGNMENT. i

:. TEMP.. 201 ' F. .
d j i

gSPECIFICATION 3.4.8.3) | .f
'

l ) |
'

=

2000
~

' ' ,
_ ,

$ E * j

u) : * !

' i ' c 50*F/HR HEATUP* iul :
'C LOWEST SERVICE _

$ i TEMP., 21 d'F
'

u) : - '. f CORE CRITICAL

y 1500
-

_
-

7 l.:a. :

m :
w - e

N a

*m :
a :

.=

u) _ .

u) : .
-m ~ 'm 1000 _ ea. _

RCS TEMP. H/U RATEo l' *
'y E- < 2OO'F 30*F/1 HR.

2200*F TO 5345'F 50*F/1 HR<C :. ..

9 i'.
> 345 ' F 60*F/1 HR*~

O : *

Z }. . .
*

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

500 :~
-

.
.

. . .
.. . . . . . . . . . . - . .

_ . . g..
. ...

_
'

~ ' . . . . . . . .p... . . . . . . . . . . .

- s.
.

.. . MINIMUM r: . . . .

-"

. . . BOLTUP . ' - - . . . - - -.. -

*-.. .. TEMP- a 72 * F-.
--

|' ' ' ' ' ' ~ '' " " "''' " " ' ' ' ~ ' ' """" ~'-* ' " '''" " '' " '''' ' ' '

0
1

0 100 200 300 400 500 I
.

INDICATED RCS TEMPERATURE, Tc, 'F |

|

!

FIGURE 3.4-2
i
'

WATERFORD UNIT 3 HEATUP CURVE
1

REACTOR COOLANT SYSTEM PRESSURE-TEMPERATURE LIMITS !

18 2 I
O - 20 EFPY (PEAK SURFACE FLUENCE = 2.29 x 10 n/cm 3

3/4 4-30

i
.

ABB Combustion Engineering Nuclear Services !

errransWigLjnaim - 40



m asg
$[

,

> d
.

2500 _ ,c ,.

I INSERVICE; ,
7 jHYDROSTATIC:. '

, .

:- TEST
_

.

'LTOP AUGNMENT: TEMP., 207'F c'
3(SPECIFICATION 3.4.8.3) j' ;
: i ,

I': ;- 100aF/HR COOLDOWN
2000 _ , ;- , i

< : I i. i j
w - : . :

'

Q- i ! !=

| |ui : '

C' i LOWEST SERVICE - | |
'

3
u) -

j ," | j: TEMP., 216'F
i. , ,

y 1500 : :. ! p
a.

~

* |
'a: :
.w :

N - .

a: : a

o : .

m -
.

m i' .

a: 1000
~ -

c. _
..

o
~

e RCS TEMP. C/D RATE
'y < 135'F 10*F/1 HR

< : 2135'F TO $200*F 30*F/1 HR.

9 i > 2OO'F 100*F/1 HR 1=

Q :. . . !

Z : e
. . .

500 :..
.

m.
: . . .
~

e

:- .

I e-

31 MINIMUM : ''

. e- - - BOLTUP - '

: TEMP., 72 * F-
e--
'

- -

''''''''' "'''''''' '''''' '' '''0 -'''''''''

O 100 200 300 400 500
INDICATED RCS TEMPERATURE, Tc, *F

FIGURE 3.4-3

WATERFORD UNIT 3 COOLDOWN CURVE

REACTOR COOLANT SYSTEM PRESSURE-TEMPERATURE LIMITS
18 2

0 - 20 EFPY (PEAK SURFACE FLUENCE = 2.29 x 10 n/cm 3c.

3/4 4-31

ABB Combustion Engineering Nuclear Services
C-MECH-ER-021, Rev. 00 'I



%

, .

8.0 REFERENCES

1. Code of Federal Regulations.10 CFR Part 50, Appendix G, " Fracture

Toughness Requirements", dated August 31,1992.

2. Code of Federal Regulaticas,10 CFR Part 50, Appendix H, " Reactor Vessel

Material Surveillance Program Requirements," dated April 30,1993.

3. Report No. BAW-2177, " Analysis of Capsule W-97", B&W Nuclear Services

Company, dated November,1992.

4. R. Burski to T. Murley, "Waterford 3 SES, Docket No. 50-382, License No.

NPF-38,10 CFR 50 Appendix H.III.A - Reactor Vessel Material Surveillance

Program Requirements - Report of Test Results," dated November 25,1992.

5. Waterford 3 Technical Specifications, Amendment No. 84, Section 3/4.4.8,

Reactor Coolant System Pressure Temperature Limits.

6. Code of Federal Regulations,10 CFR Part 50, Appendix A " General Design

Criteria for Nuclear Power Plants", dated January 1988.

7. ASME Boiler and Pressure Vessel Code Section III, Appendix G, " Protection

Against Nonductile Failure",1989 Edition.

8. Regulatory Guide 1.99, " Radiation Embrittlement of Reactor Vessel

Materials", U.S. Nuclear Regulatory Comminion, Revision 2, May 1988. |
|
:

9. Instruction Marnial, Reactor Vessel Assembly, Waterford III, Louisiana Power .|

and Light, C.E. Book No. 74170, Vol. I, dated April,1977.

10. ASME Boiler and Pressure Vessel Code, Section III, Appendix I, " Design

Stress Intensity Values, Allowable Stresses, Material Properties, and Design

Fatigue Curves",1989 Edition.

11. Furvbmentak of Heat and Mass Transfer, Incropera and DeWitt,2nd Edition.

Copyright 1985.

ABB Combustion Engineering Nuclear Services
42

C-MECH-ER-021. Rev. 00
_ ._.

D



-- - = --

.;.
.

!12. Revised FSAR Table 5.3-13, License Document Change Request Form. LDCR

No. 93-0001, dated August 21, 1992. {
-

;

13. ABB/CE Report No. C-MECH-ER-014, Rev. 00, "An Assessment of the
|

Waterford 3 Reduction in Operating Temperature on NSSS Structural j
Integrity," dated September 1993.

i

14. R. O'Quinn to C. Stewart, " Design Input and Assumptions, Entergy Contract i

No. W-1068-0505 ESR No. C-93-003, Revision of Pressure-Temperature
,

Limits". !
(
;

15. " Semi-Elliptical Cracks in a Cylinder Subjected to Stress Gradients", J. Heliot, i

R.C. Labbens and Pellisser - Tanon ASTM Special Technical Publication 677, [
August 1979.

:

16. ASME Boiler and Pressure Vessel Code, Section XI, " Rules for Inservice j

Inspection of Nuclear Power Plant Components," 1989 Edition. !
|

17. ASME Boiler and Pressure Vessel Code, Section III, " Rules for Construction |

of Nuclear Power Plant Components," 1989 Edition. i
'

-!
18. U.S. NRC Standard Review Plan 5.2.2, " Overpressure Protection," Revision ;-

2, dated November 1988. |
.

19. ASME Boiler and Pressure Vessel Code Case N-514. "1.cw Temperature i

Overpressure Protection, Section XI, Division 1", February 12, 1992,

20. 10 CFR 50.61, " Fracture Toughness Requirements for Protection Against j

Pressurized Thermal Shock Events" August 31,1992.

21. Report No. C-NLM-003, Rev.1, " Program for Irradiation Surveillance of
Waterford Unit 'Ihree Reactor Vessel Materials," Combustion Engineering

Inc., dated October 30,1974. <

j
i

22. "Waterford 3 SES Updated Final Safety Analysis Report," Docket No. 50-382

Operating License NPF-38 Controlled Copy No. 222

!-

ABB Combuuion Engineering Nuclear Services ,

C MECH-ER 021, Rev. 00 43
.



uc;

,
~.

23. ASTM Designation E 185-82, " Standard Practice for Conducting Surveillance

Tests for Light Water Cooied Nuclear Power Reactor Vessels," Annual Book

of ASTM Standards, Vol.12.02, American Society for Testing and Materials,

Philadelphia, PA.

24. ASTM Designation E 185 (Revision approved in June 1993), " Standard

Practice for Conducting Surveillance Tests for Light Water Cooled Nuclear
Power Reactor Vessels," Annual Book of ASTM Standards, Vol.12.02.

American Society for Testing and Materials, Philadelphia, PA. ,

:

I
I

l
l

|

|

!
l

ABB Combustion Engineering Nuclear Services "C-MECH ER421, Rev. 00
.



- . . . . . . ,q ;

-,, . .

..

,-

;

1

I
i

!,

i

!,
.

s -

:
i
;

j
.

;

i
;

APPENDIX A |
t

i
;

..

t
/;

!
1

Discussion of the ;
a

t
t

i

Development of Technical Specification |
.

Figures 3.4-2 and 3.4-3 j
|

1
i

|
i

|

!

|

-

|
ABB Combustion Engineering Nuclear Services !

C-MECH ER-021 Rev. 00 Al



m,

'

*
. :- .

!

TECHNICAL SPECIFICATION FIGURE DEVELOPMENT
:

-!
Figur:s Al and A2 provide a graphical representation of all the limits which are regatred in ..{
the development of the RCS P-T limits. These were developed with heatup and coo!down ]
rates and associated temperature ranges which were consistent with the current Technical |

Specifications (8 EFPY). These rates and temperature ranges are summarized below. !

Heatup +

i

RCS Cold Lee Temocrature HU Rate !
,

i

< 200* F s 30*F/hr
'

200*F to 345*F s50'F/hr i

> 345'F s 60*F/hr !

!

I

Cooldown ,

|
RCS Cold Lee Temnerature HU Rate ;

> 200*F s 100'F/hr - |
200*F to 135'F s30*F/hr j

< 135'F s 10*F/hr -

!

The most limiting pressures were then determined for each temperamre range for inclusion in ,

the Technical Specification figures. A description is provided below for heamp and
!cooldown. Note: No consideration was given to low Temperamre Overpressure Protection

(LTOP). However, it can be noted that the 8 EFPY Technical Specification figures provided ,

a lower controlling presmue which should have been the basis for the LTOP setpoint, heatup ,

and cooldown raans (and associated temperature intervals) and LTOP miministrative j
procedures. Connaymely, the existing LTOP basis should be adequate.

'

:

Heatup |
.

i

. To develop the heatup Technical Specification figure, the most controlling pressure for a ,

given temperamre is chosen. Figure Al provides a graphical depiction of the required limits.
>

,

i

ABB Combustion Enginunnt Nuclear Services
^2 {CMECH-E.Jt421, Jter. 00

'

.. - . .



'

*
.,

Between the minimum boltup temperature (72*F) and 200*F. the allowable heatup rate has

been established as less than or equal to 30*F/hr. Figure Al shows the beltline limit

associated with this temperature range. As depicted, the minimum pressure (525 psia) is

more restrictive than the beltline limit. Consequently, the minimum pressure requirement is
;

shown on the Technical Specification figure within this temperamre range.

A heatup rate of 50*F/hr is permitted from 200*F to 345'F. Figure Al shows the beltline ;

P-T limit associated with 50*F/hr. Over the specified temperature range, the reactor vessel

flange limit associated with a 50*F/hr is also depicted. Review of Figure Al shows that
below the lowest service temperature (215.6'F) the controlling pressure is associated with

the minimum pressure requirements (525 psia). At the lowest service temperature (215.6*F),

pressures are permitted to exceed 20% of preservice hydrostatic test. However, design

pressure (2500 psia) cannot be obtained until 271.4*F because of brittle fracture requirement

associated with the reactor vessel Gange region and the reactor vessel beltline region. The

reactor vessel flange provides the controlling pressure for temperatures above 215.6*F and
*

up to 227.4*F. The beltline then provides the controlling pressure up to 271.4*F.

At temperatures greater than 345'F, a heatup rate of 60*F/hr is allowed although normal

operation pressures are permitted.

For convenience, the requirements for inservice hydrostatic test are provided on the heatup

figure. 10 CFR 50 Appendix G requires a temperature of at least 135.6*F with respect to

the vessel flange region. However, ASME Code requires a temperamre of at least 215.6*F

(the lowest service temperature) prior to exceeding the minimum pressure (525 psia). In

addition, the beltline controls the pressure until 220.7'F where a pressure of 2500 psia is

permitted. The purpose of this curve is solely to establish the permissible temperature for

inservice hydrostatic tests in accordance with ASME Cade Section XI requirements. This

temperature has been conservatively assessed to be 219.8'F. Below this temperature the

normal hemmp or cooldown P-T limits apply.

The preceding will provide the appropriate P-T limit for normal operation and inservice

hydrostatic test.

Utilizing the limit developed for heatup (it is more restrictive than cooldown), core critical

limits are established per the requirements of 10 CFR 50 Appendix G. This is depicted in

ABB Combustion Engineering Nuclear Services
A3C MECH-ER-021. Rev. 00
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Figure A1. However, for graphical illustration the curve has been conservatively modified

as indicated.

Cooldown

,

Figure A2 depicts the limits associated with cooldown. Selection of the controlling pressure

provides the curve presented in the Technical Specification figure.

As with the heatup, the minimum pressure (525 psia) is controlling with respect to the

beltline up to the lowest service temperature (215.6*F). At temperatures greater than the
,

lowest service temperature, the beltline P-T limit associated with 100*F/hr cooldown

provides the controlling pressure.

Inservice hydrostatic test limits are also provided and the discussion presented in the heatup

section is still valid.

.

|
i
,

I

|

I
i

|
|

l

|

|

*

1
'
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FIGURE A1
WATERFORD UNIT 3
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FIGURE A2 ,
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October 11,1993
C-MECH-93-072

1

Mr, R.C. O'Quinn
Entergy Operations. Inc.
Waterford Steam Electric Station Unit 3
P.O. Box B
Killona, LA 70066-0751

Subject: Review of Reactor Vessel Beltline Pressure-Temperature Limits
for 0-8 EFPY

Dear Mr. O'Quinn:

This letter provides a summary of the results pertaining to the assessment of the reactor

vessel beltline Pressure-Temperature (P-T) limits associated with the Waterford 3 Reactor
,

Coolant System (RCS) currently documented in Reference 1. The effort was performed

under Entergy Contract No. W-1068-0505, ESR C-93-003 and was prompted due to an

identified non-conservatism regarding the adjusted reference temperature for the limiting

beltline material as documented in Reference 2. The effort was performed in accordance

with the CE Nuclear Services Quality Assurance Manual for Quality Class 1 work. The

contents of this report have been independently reviewed to insure the accuracy of its

Contents.

Background

The RCS P-T limits which constitute both the operating and licensing basis of the Waterford

Unit 3 plant through eight (8) effective full power years (EFPY) operation are intended to

provide protection against brittle fracture for the ferritic pressure boundary components.
These limits are based on the materials reference nil ductility transition temperature (RTm).

With respect to the beltline, the RTm is adjusted to account for the loss in ductility

experienced by these materials over time as a result of neutron radiation. It is the adjusted

reference temperature (ART) that is used in calculating the beltline P-T limits.

ABB Combustion Engineering Nuclear Power
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j

The method for calculating the adjusted reference temperature currently acceptable to the i

NRC is provided by Regulatog Guide 199 Revision 2 (Reference 3). However, this |

Regulatory Guide was not the standard when tN 8 EFPY RCS P-T limits were developed. -|

Application of Regulatory Guide 1.99 Revision 2 provides a higher ART corresponding to

the outer diameter crack tip location (3/4t) using the design basis input parameters. |

Consequently, the ART's were recalculated for the design basis conditions and improved

fracture mechanics methods were applied to show the conservatism inherent in beltline P-T

limits. I

I

Analysis Hichlights

|

The original basis associated with the beltline P-T limits were reviewed and the limiting |

material was shown to be Plate M-1004-2. The following information represents the design |

basis input used to predict the ART and was consistent with the current information

(Reference 4) assoaiated with this plate material.

Plate M-1004-2

Initial RTm = 22*F
Copper Content = 0.03 w%
Nickel Content = 0.58 w%

As documented in the design basis calculation, a peak surface fluence of 9.2x10 8 n/cm was

utilized to predict the ART values at the 1/4t and 3/4t locations, 97'F and 30*F respectively..

Strict application of Regulatory Guide 1.99 Revision 2 provides 1/4t and 3/4t ART values of

55.2*F and 44.6*P.

Comparison of these values show the ART at the 3/4t location to be non-conservative. The

significance of this is that in developing the beltline P-T limits, the 3/4t location can provide

the controlling pressure during a beatup transient. Recalculation of the beltline limits using

the same method would likely provide more restrictive beltline limits. Consequently, the

beltline limits were recalculated using improved fracture mechanics methods to show that the

basis beltline curves were conservative and in compliance with the requirements of

Appendix G to 10 CFR 50 (Reference 5).
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Appendix G to 10 CFR 50 requires that the beltline P-T limits be calculated using the

guidance of ASME Boiler and Pressure Vessel Code, Section III, Appendix G (Reference 6,

referred to herein as ASME Code Appendix G). ABB/CE has developed an improved ;

fracture mechanics methodology which meets the requirements of Appendix G to 10 CFR 50

and the ASME Code Appendix G guidance. This method employs influence coefficients and

the principles of superposition to determme the stress intensity factors resulting from internal

pressure and thermal loads (Ku and Krr, respectively). A transient convection / conduction

heat transfer analysis is performed utilizing a one-dimensional isoparametric tmite element

model. The heat transfer results are utilized to determme the allowable material stress

intensity factor, Km and the applied thermal stress intensity factor, Krr, as a function of time.

The allowable pressure stress intensity factor is determined and subsequently the allowable

pressure. The results of this evaluation are allowable pressure versus temperature for the

analyzed thermal rate.

|

To assure the limiting condition is achieved the isothermal condition is also compared to the

analyzed rate conditions. In this instance, the rates associated with the Waterford Unit 3 -

Technical Specification (Reference 1) were analyzed.

To properly index the limits in terms of indicated pressurizer pressure and indicated cold leg

temperature, it is mury to consider the elevation difference between the reactor vessel

and the pressurizer, the flow irvhM pressure losses between the reactor vessel inlet nozzle

and the surge line nozzle, and include the effects of instrument uncertainty. De original ,

design basis values were utilind.

The beltline P-T limirm were emn=ced to the current Waterford Unit 3 Technical

Specification bestup figure to assess whether the current beltline curves were adequate in J

providing the requisite protection from brittle fracture.

Results

The ART values associated with the limiting reactor vessel beltline material (Plate M-1004-2)
!through 8 EFPY were calculated for the 1/4t and 3/4t locations in accordance with

Regulatory Guide 1.99 Revision 2 as 55.2*F and 44.6*F respectively. The beltline P-T

|
.

__



- v , y%+

; t 1

1

Mr. Robert O'Quinn C-MECH-93-072
October 11,1993 Page 4 of 6

l
1

limits were calculated utilizing the ART values for the limiting beltline material and other

pertinent design basis information. Through the use of improved fracture mechanics methods

the beltline P-T limits were re-evaluated for Waterford Unit 3. The comparison of the

design basis beltline limits, as provided by the Waterford 3 Technical Specifications, to those

calculated with the improved fracture mechanics techniques are provided in Figure 1.

1

Conclusions

Review of the limiting beltline material ART values at the 1/4t and 3/4t locations showed the ;

3/4t value to be non-conservative when predicted using the guidance provided by Regulatory

Guide 1.99 Revision 2. While the reactor vessel beltline 3/4t location can provide the :

controlling pressure during heatup, re-evaluation of the beltline P-T limits using improved j

fracture mechanics techniques showed the current basis provided by the Waterford Unit 3 !

Technical Specifications to be more restrictive. Since the applied method used to re-evaluate j
Ithe beltline meets the requirements of 10 CFR 50 Appendix G, the reactor vessel beltline P-T -

limits provided by the Technical Specification have provided the requisite margins of safety

in light of the non-conservative ART.

If you should have any questions regarding this report, please contact me at (203)-285-2294 |

or Mr. Carl Gimbrone at (203)-285-2567.

Sincerely,

COMBUSTION ENGINEERING, INC.

Craig Stewart
Project Engineer 4

|

cc: G. Bundick
C. Gimbrone

i
|
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FIGURE 1
Beltline Limits for 8 EFPY, Heatup
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