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I. INTRODUCTICN

The information contained in this report is submitted in response to a
request to provide the information presented to the NRC at the meeting
held on May 13, 1980 to review (1) the various main steam line break
(MSLB) accident scenarios and preliminary results performed to date
showing a potential for exceeding the containment design temperature and
pressure initially reported to you in our April 18, 1980 letter, (2) the.

details of a system design change to the safety injection actuation
logic and th( results of the inservice inspection of the main steam line
piping being performed during the current refueling outage as a result
of the MSLB preliminary results, (3) the evaluation of containment and
main steam line integrity which provide assurance that the consequences
of such an accident are acceptable and that the probability of a
double-ended guillotine rupture of the main steam line is not credible,
and (4) the current status of engineering and procurement efforts to
implement the modifications to automatically initiate Auxiliary
Feedwater System (AFWS) flow to meet the requirements set forth in Item
2.1.7.a of NUREG-0578, " Automatic Initiation of Auxiliary Feedwater
System," as documented in our April 29, 1980 letter in response to the
request for information contained in your April 3,1980 letter. The
information presented at the meeting was consistent with that provided
to the NRC in prior correspondence, except that more detailed
information was provided at the meeting. In addition to documenting the
information presented at the May 13, 1980 meeting, the report reflects.

additional analytical work completed subsequent to the meeting.

Section II of the report discusses Items (1), (2) and (3) above, as well
as the additional analytical work completed subsequent to the May 13,
1980 NRC meeting. Section III of the report discusses Ite= (4) above.

Section IV of the report provides a summary of the information contained
herein. Based on this information, the following conclusions are made:

1. The preliminary results of the various MSLB accident scenarios
obtained to date warrant corrective actions (i.e., modifications to
the SIAS logic) to reduce the calculated peak containment
pr,essures. Therefore, the requirement for these modifications
constitute a reportable occurrence as defined in Technical
Specification 6.9.2.a(9), and as such, is being reported pursuant to
the Technical Specifications. In accordance with our April 18, 1980
letter to the NRC Office of Nuclear Reactor Regulation and our
May 19, 1980 letter to the NRC Office of Inspection and Enforcement,
Region V, a copy of this report is being forwarded to the NRC Region
V, together with a License Event Report, as the required narrative,

material to provide a complete explanation of the circumstances
surrounding this matter.

;

J

,

__ - -, . _ y_._, . . _ . . _ . , ,,_,r _ _ . - -, - - - - - - - - . , , - . _ _ , _ _ _ _ _
. _



|
1

-2-

2. The modifications to the SIAS logic have been deter =ined not to
'involve an unreviewed safety question as defined in 10CFR50.59 or a

change to the Technical Specifications; therefore, the
implementation of the corrective action is being made without prior
NRC approval pursuant to 10CFR50.59.

3 The main steam line piping and containment integrity evaluations, in+

conjunction with the SIAS logie modifications, performed during the-

current refueling outage are sufficient to provide assurance that a
double-ended guillotine rupture of the main steam line is not
credible, that the probable consequences of a MSLB accident are no
more severe than the previously calculated peak temperatures and
pressures for the containment following a LOCA (considering a best
estimate calculation with respect to mass and energy generation and
containment heat transfer), and in the event that post MSLB
temperatures and pressures exceed those prev.ously calculated
following a LCCA, containment integrity is maintained by virtue of
the as-built strength of the containment.

.
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II. PRELIMINARY RESULTS OF MSLB ANALYSIS

A. Previous Analyses

The containment structure, including access openings and
,

penetrations, was designed and fabricated to accommodate or
i dissipate without failure the pressures and temperatures associated
J with a complete loss of primary coolant. The mass and energy

release resulting from a complete loss of primary coolant was
considered more limiting than that from a secondary pipe rupture
(i.e., a MSLB). Therefore, previous MSLB accidents were only'

analyzed to determine core response and not containment response.
Appendix 1 of this report provides a summary of the previous MSLB
accident analyses which indicates that for each of Core Cycles 1
through 8 the results have been shown to be acceptable for core
response.

In accordance with the NRC December 21, 1979 letter, the MSLB
accident is currently being reevaluated, in conjunction with the
NUREG-0578 Lessons Learned Requirement to provide automatic
initiation of AFWS flow, to determine the impact of automatic

. initiation of AFWS flow relative to containment response resulting

; from this accident. The results of current preliminary analyses to
determine the containment response are discussed in Sections II.B'

and II.C of this report.

B. Current Analyses
,

1. Introduction

As discussed in our April 18 and 29,1980 letters, a series of
scoping studies have been performed to determine the containment
response to a MSLB inside containment. An initial 13 cases, all
at full power and all based on preliminary and very conservative
mass / energy release data, were examined. These cases reflected
the effect of various assumed parameter changes (i.e., earlier
main feedwater isolation, AFWS flow and containment spray
actuation). Appendix 2 of this report provides a table
displaying the results of the initial cases. The results show
thct a potential for high containment pressure exists at San
Onofre Unit 1 given a double-ended guillotine rupture of either
the 20" or 24" main steam lines inside containment. A major

E', factor in the calculated break energy release is the large

inventory addition resulting from continued main feedwater
addition prior to a safety injection signal on low pressurizer
pressure. The results of the initial scoping studies prompted a
change in system design to achieve a safety injection actuationa

signal (SIAS) on high containment pressure (2 psig), as well as
low pressurizer pressure, to minimize main feedwater addition.

_ ___ _ _ ._ ___ ,
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Subsection II.D.1 of, this report provides the details of the
system design change. An accompanying benefit from this system
design change is an earlier containment spray actuation
(coincident SIAS and high-high containment pressure of 10 psig).

Following these initial preliminary scoping studies, updated and
revised mass / energy release data were obtained that better
represent the San Onofre Unit 1 system as modified for early
SIAS. The revised data was for both full power and no load
operation and was limited to a double-ended rupture of the 24"
main steam line common header inside containment as this had
previously been shown to be the limiting break. These two power
levels were analyzed using both standard assumptions and better
estimate assumptions as discussed below. The resulting four
cases form the basis for the major results provided in Appendix
3 of this report and discussed in Section II.C of this report
and are expected to envelope the containment peak pressure
response due to other potential variations in initial station
operating conditions and reactor protection system and
engineered safeguards response. The effect of varying break
areas has been conservatively accounted for by assuming

- double-ended breaks and dry steam blowdown. ,

As shown in Figure 1 of this report, the three individual main
steam lines (20") from the three steam generators feed into a
common header (24") inside containment. Flow measuring venturis
(14.32" I.D.) are located in each of the 20" main steam lines
between the steam generator nozzle and its connection to the 24"
header. The MSLB is assumed to occur anywhere in the 24" commen
header inside containment. A double-ended break of this line
has a total break area of 5 32 ft2 which results in maximum
blowdown from all three steam generators limited by their
respective flow venturis with an effective break area of 1.12
f t2 per steam generator. Steam generator blowdown continues
to dry out with continued steaming from auxiliary feedwater
addition since San Onofre Unit 1 does not have main steam
isolation valves.

2. Major Assumotions

a. Standard Assumptiens Cases

The ma|cr assumptions of the mass and energy release and
conts'.nment response analysis are listed and discussed belew:

,

(11 The MSLB break flow is assumed to be pure steam, not
two-phase. This is conservative because for MSLB cases*

with large break areas, steam cannot escape fast enough
from the two-phase region of the ruptured steam

!
_ , _ _ _ _, __ _ _ _ _ . _ . . __ - _ _ _ _ . _ _ _ _



-

-5-

generator and the two-phase level rises rapidly to the
steam generator nozzle resulting in two-phase blowdown.
With two-phase blowdown, part of the liquid in the break
flow boils off in the containment and is added to the
atmosphere while the rest falls to the sump and-

contributes nothin6 to containment pressurization. With
a pure steam blowdown, all of the break flow enters the
containment atmosphere. The determination of the nature
of the break flow requires a detailed entrainment model
which is dependent on steam generator characteristics.
Such a detailed entrainment model has not been developed
for San Onofre Unit 1 steam generators. Therefore, the
break flow was conservatively assumed to be dry steam
which maximizes the peak containment pressure. The
effect and potential benefit of a wet steam blowdown
assumption is discussed in Section II.C.

(2) Offsito power is assumed available. Cases assuming a
loss of offsite power are less severe than cases where
offsite power is available for the reasons discussed in
Section II.C.

.

(3) The most restrictive single active failure is assumed to
be the loss of a diesel generator which results in the
loss of a safety injection train and a containment
cooling train (i.e., containment spray pump.) The
effect of other single failures are discussed in
Section II.C.

(4) AFWS flow is assumed to be initiated manually at 10
minutes at a flow rate of 250 gpm. The effect of

automation of AFWS flow is discussed in Section II.C.

(5) The nominal steam generator mass is calculated for a
water level corresponding to the progra=med level
(percent of narrow range span) plus 5% instrument error ,

(steam generator level) and 8% void fraction uncertainty
(full power cases).

(6) The initial power level for full power cases is 103%
noninal full load to account for 35 calorimetric error.,

(7) A conservative clad surface heat transfer film
9 coefficient is assumed. ,

(8) Reactor trip is on the steam /feedwater mismatch signal.
o

The SIAS (and main feedwater isolation) is on high
containment pressure and containment spray actuation is
on coincidence of SIAS and high-high containment
pressure.

w

e
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(9) Main feedwater flow is isolated at 8 seconds on SIAS| (high containment pressure). Pumped feedwater flow is
based on steam generator depressurization and is ramped

No| to zero during feedwater isolation valve closure.'

load feedwater flow is assumed initially to be 55 of
nominal full power flow..

b. Better Estimate Cases

The assumptions applicable to the better estimate cases
which are different from those above are listed below:

,

(1) The initial steam generator mass does not include
instrument errors or void fraction uncertainty.

(2) The initial power level for full power cases is 100% of
nominal full load and does not include 35 calorimetric

.

error.

(3) A more realistic clad surface heat transfer film
coefficient is assumed.

.

(4) Both safety injection trains are assumed operable
(failure of a containment spray pump is still assumed).

-

Conservatisms which remain in the analysis and which were ,

not adjusted for the better estimate cases are listed belcw:
1 -a

(1) The most reactive control rod is assumed stuck out of
r the core.

(2) Primary to secondary heat transfer (UA) across the steam, .

generator tubes is not degraded with decreasing stea=
generator level.

. (3) Steam generator blowdown is assumed to be dry steam
| (i.e., no entrainment) from an instantaneous

double-ended rupture of the largest steam line (24") .

(4) Condensate revaporization from containment passive heat
sinks is not assumed in the containment response
analysis..

,

' t,
3 Mass and Energy Releases to Containment

,

In the event of a postulated MSLB , high energy fluid is
,' released to the containment, causing an increase in the pressure-

and temperature of the containment atmosphere. Mass and energy
releases to containment were calculated by Westinghouse using,

!

;
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the MARVEL code (1) which has been used for previous San onofre
Unit 1 analyses of core response following a MSLB. The mass and
energy release to containment were determined from the following
sources:

I
; o Initial steam generator inventory.

J o Steam piping inventory.
o Feedwater system pumping,
o Feedwater system flashing.
o Auxiliary feedwater ficw.

3

a. Initial Steam Generator Inventory

The initial steam generator inventory is a function of the
reactor power level. For operation above 205 power, the
steam generator operating level is automatically controlled
at 30% on the narrow range level instrument. At 205 power
and below, the operating level is manually controlled at 50%
on the same narrow range level instrument. In addition,
steam void fraction below the operating level varies with
power strongly affecting the mass inventory. Initial steam
generator mass inventories for the four base cases analyzed

.

are tabulated below.

Initial Steam Generator Inventory (lb/S.G.)

Full Power No Lead
_,

Standard Assumptions 43500 69710
Better Estimate Assumptions 38760 67980

b. Steam Piping Inventory

As sh'own in Figure 1 of this report, the main steam system
piping volume between the steam generators and the main
steam stop valves discharges through the break into
containment. This volume (1965 f t3) includes branch lines
6" in diameter or above (includes relief and safety valve
header, pressure equalizing crosstie, and reheater supply
lines with extension to the condenser dump valves.) The
mass of steam is calculated based on the density of dry-

steam at the steam generator pressure for the power level
*,, being evaluated and is assumed to precede the reverse flow

blowdown from two of the three steam generators. At fulli
power, the steam mass is 3052 lb and at no load the mass is
3979 lb.. .

.. - _ . _ .. . . _ _ - .. . - _ - - - . _ . - _ _ _ - - - . _ . . - - _ -- -
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Feedwater System Pumping 5c.

Figure 2 of this report shows the feedwater system pumping
configuration. Following a MSLB, feedwater will continue to
be pumped into the steam generators until feedwater line
isolation occurs as a result of SIAS. For the purpose of'

this analysis, the SIAS is assumed to occur on high
The contribution to the steam: ,

containment pressure.
generator mass inventory from the main feedwater pumping isi

determined in the following manner:
.

.

(1) The containment pressure and the steam generator
depressurization are calculated assuming a
conservatively estimated pumped feedwater flow.

(2) From the containment pressure, the time at which the
high containment pressure setpoint for a SIAS is reached
is determined (less than 1.5 seconds).,

(3) The time at which feedwater isolation is complete is
based on the time the SIAS setpoint is reached (1.5
seconds), plus instrument response time (1.5 seconds),
plus the feedwater isolation valve closure time (5

*

seconds), or a total time to feedwater isolation of 8.0
.

seconds.

(4) The feedwater regulating valves are assumed to fully
open following a MSLB at full power and remain open

On a SIAS, the feedwater regulatinguntil SIAS occurs.
valves close (closure time 10 seconds) as a backup to
the feedwater isolation valves. At no load, the system
is in manual control and the main feedwater addition islimited to a maximum of 55 of full power flow for eight
seconds until feedwater train isolation.

(5) The mass of water addea to the steam generators prior to'

feedwater line isolation is based on feedwater pump flow ,

characteristics as a function of steam generator
pressure decay until the SIAS is received (3.0 seconds)
followed by a linear ramping of the feedwater flow to
zero during the time period the feedwater isolation
valves are closing (5 seconds) At full power, main
feedwater pumping adds 12760 lb while at no load main

'

feedwater pumping adds only 633 lb. These are total
inputs, assumed equally divided among all three steam

*

generators.

.

*T

- - _ . _ - _ _ _ . . _ - - - - , _ __ -
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d. Feedwater System Flashing

Following main feedwater isolation, the depressurization of
the steam generators causes flashing of the water in the
feedwater piping between the steam generator and the

I feedwater regulating valves as shown in Figure 2 of this
report. The available volume of feedwater piping is-

J 246 ft3 and is equivalent to a mass of 13030 lb of water
at full power based on the feedwater temperature of
4170F. This mass is added to the steam generators where

1
it is boiled off by primary to secondary heat transfer. At
no load, the feed train is assumed cool (70cF) and does
not flash upon steam generator depressurization.

e. Auxiliary Feedwater Flow

Auxiliary feedwater flow is currently initiated manually
following a MSLB. Figure 3 of this report shows the AFWS'

configuration. For purposes of this analysis, auxiliary
feedwater was assumed to be initiated at 10 minutes at a
flow of 250 gpm and discharged through the break to

,

containment as dry steam at the same rate it is pumped in
following the steam generator blowdown, pumped feedwater
addition, and feedwater flashing. The effect of automatic

,

initiation of AFWS flow is discussed in Section II.C.

4. Containment Respense Analysis

The containment response analysis was performed by Bechtel using
the COPATTA code (2). A detailed description of the
containment model (containment initial conditions, heat sink
data, heat removal systems) is documented in Enclosure 1 of our
January 19, 1977 letter entitled, " Containment Post Accident,

Pressure Reanalysis, San Onofre Unit 1."

5. References

1. J. M. Geets, " MARVEL, A Digital Computer Code for Transient
Analysis of a Multiloop PWR System", WCAP-7909
(Non-Proprietary), June,1972.

2. Performance and Sizing of Dry Pressure Containments, Bechtel
j

Power Corporation, BN-TOP-3, Revision 4, October,1977 Draf t.

i
C. Results of Current Analyses

1. Summary.

Appendix 3 of this report provides a table which summarizes the -

results of the four cases run to date that model San Onofre
Unit 1 assuming a SIAS on containment high pressure as discussed
in Subsection II.D.1 of this report. The four cases consist of

.. . - __. _ - -- , . .-
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two analyses at full power and two at no load. One case each at ,!,
full power and no lead is based on mass / energy (blowdown) data
incorporating standard safety analysis assumptions and
conservatisms. One case each at full power and no load is also

Allprovided based on a nominal, better estimate blowdown data.
four cases assume dry steam blowdown from a double-ended rupture
of the 24" sain steam header inside containment. Figures 4 and
5 of this report show the containment pressure as a function of-

time for the full power and no load cases based on the better
estimate blowdown (cases 1 and.3) and the standard blowdown
(cases 2 and 4), respectively. Figures 6 and 7 of this report
show the containment vapor temperature response for the full
power and no load cases, respectively, based on the better
estimate blowdown data. Containment temperatures are not
significantly higher using the standard blowdown data. Included
on the temperature plots are curves showing the thermal response
of the inside surface of the containment sphere.

Appendices 4 and 5 of this report provide tables which delineate
accident chronologies for the full power and no load cases,
respectively, based on the better estimate blowdown data cut

- through initiation of AFWS flow at 10 minutes.

As shown in Appendix 3 of this report, the peak containment
pressures calculated for double-ended MSLB's at full power and
no load, respectively, are 50.0 and 53 0 psig using blowdown

Thesedata incorporating conservative, standard assumptions.
peak pressures are reduced to 48.4 and 52.2 psig for full power
and no load, respectively, when nominal, better estimate
blowdown data is employed. It should be recognized that these
peak pressures still reflect the significant conservatism of
assuming dry steam blowdown from a double-ended guillotine
rupture of the 24" main steam line. Blowdown flowrates are
initially over three times normal steam flow; substantial steam
generator inventory swell and overload of the steam dryers will

' in fact occur, creating significant water entrainment with
resultant lower peak containment pressures expected. The steam ,

flow does not decrease to the nominal full power flow rate
(where entrainment would not be expected) until 30 to 40 seconds
have elapsed.

The peak vapor temperatures of 403 to 4060F shown in Appendix*
3 of this report are of short duration and quickly quenched by

As shownthe automatically initiated containment spray system.
in Figures 6 and 7 of this report, vapor temperatures are below4

300cF within 70 to 80 seconds and are at saturation values Thecorresponding to the containment pressure after 90 seconds.,

*

inside surface temperature of the steel containment sphere
(modeled as 1" thick carbon steel) is shown on these figures.

-

The sphere surface remains below the saturation temperature,

throughout the one-hour analysis time reaching maximcm values of
2390F with the full power MSLB and 268cF with the no load''

MSLB.

t

,. , - _ _ - - , - . . , - , . - - , -- - - , , - - - - - - - - - . - , , - , - - , - , . - - - - - - - - - - , - - - ~ . - - . - - - - - - - - -
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2. Sensitivity / Parameter Studies

? a. The effect of automatic initiation of AFWS flow was assessed
j as shown in Appendix 2 of this report by rerunning certain
.

.
cases with the assumption that auxiliary feedwater was
initiated at time T : O at a runout flow rate of 1000 g;m

i for 90 seconds (loss of steam pressure drops turbine AFWS
pump off line), 500 spa out to 10 minutes and 250 spm,

.

!thereafter. The early initiation of AFWS flow has the
effect of extending steam generator dryout and adding mass,

* and energy to the containment atmosphere. This assumption
was found to increase peak containment pressure by

j-
approximately 1 pai for the full power cases. For full
power cases, the effective delay in AFWS flow initiation'

(approximately 1 minute) would minimize this effect as steam
generator dryout and peak containment pressure would occur-

prior to significant AFWS flow addition.

b. The effect of wet steam, steam generator blowdown was
assessed by rerunning all cases as shown in Appendix 2 of

| this report using an entrainment model (steam quality vs.
time) developed for the Model 51 steam generator (San onofrei

.

Unit 1 bas Model 27 steam generators). The benefit of this
effect, as discussed earlier, is to decrease the mass and
energy available as dry steam which contributes directly to
the containment pressure / temperature response. This
assumption was found to decrease peak containment pressure
by approximately 8 psi'for the full power cases. Although a;

detailed entrainment model'has not been developed for San
Onofre Unit I steam generators, the potential benefit of the

i

more realistic assumption, as indicated from the results of;

! the sensitivity studies, is believed to be significant.

c. The effect of loss of offsite power coincident with the MSLB'

j was qualitatively assessed. The loss of offsite power would
; result in tripping of the reactor coolant pumps, main

feedwater pumps, and delay in AFWB flow addition. Each of
,

! these af.ds in mitigating the effects of a MSLB by either
reducing the fluid available to feed the blowdown or
reducing the energy transferred from the primary coolant

i system to the steam generators. The loss of offsite power
would result in a slight delay in initiating safety'

*

; injection flow (10 seconds), containment spray (44 seconds),
! and main feedwater isolation (10 seconds) due to diesel.

! generator starting delays. However, the backup isolation
j main feedwater regulating valves and bypass valves will
| close without additional delay (effective delay in isolating*

main feedwater is increased from 8 to 13 seconds) and this
i effect is mitigated by the tripping of the main feedwater
{ pumps. In the cases analyzed with the standard assumptions,

i

j

i

|

|
~ . _ - , _ _ _ _ _ . _ _ _ . _ . _ _ _ _ _ __ _ _ _ _ _



. _ _ .

.

-12-

the effect of sing 'ailure of a diesel generator (which
implicitly assumes Auss of offsite power) has been taken*

into account. Thus, the assumption of loss of offsite power
reduces the consequences of a MSLB.

d. The effects of other single active failures were'

considered. The standard assumptions cases assumed loss of'

a safety injection train and loss of a containment spray
' train (equivalent to loss of a diesel generator). The

better estimate cases assumed loss of a containment spray

train. The failure of a main feedwater isolation valve to
close was considered. The failure of a feedwater isolation
valve to close will result in additional pumped feedwater

being added to the steam generators. However, two backup
isolation valves are available (main feedwater regulating

valves and main feedwater block valves) to limit the
consequences of this assumed failure. The effective
feedwater isola *. ion time would only be delayed by 5 seconds
(difference between 5 second and 10 second valve closing
times) and by assuming this as the single failure, both
containment spray trains would be assumed to be operable.
Thus, the effect of this or other single failures are not*

considered to be as limiting as the loss of a diesel
generator (standard assumptions cases) or loss of a-

containment spray train (better estimate cases).

e. The effect of 8% condensate revaporization during the time
the containment atmosphere is superheated was assessed by
rerunning the better estimate cases. The effect was to
reduce containment peak pressure by approximately 1.1 psi
for the full power MSLB and produce a negligible reduction
in peak pressure for the no load MSLB. The effect of'

condensate revaporization on peak pressure is strongly
dependent on time of occurrence of tba peak pressure in
relationship to the duration of con;4inment superheat. Peak

.

vapor temperatures were reduced about 15cF with condensate
<

revaporization for both full power and no load MSLB's.'

I D. Resultant Actions
1
' 1. Design Change

As discussed in Subsection II.B of this report, main feedwater
| flow to the steam generators substantially contributes to the
|

nass and energy released to the containment through the break
prior to receiving a SIAS based only on low pressurizer'

! o pressure. SIAS initiated on low pressurizer pressure results in
|

securing main feedwater flow to the steam generators within
32-38 seconds by closing the main feedwater pump discharge|

| valves and feedwater flow regulating valves. The resultant main
I

6

- - - - - - _. - . . . _ . . _ _ _ _ _ _ _ _ _ _ _ . _._ _ . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _
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feedwater addition totals 24,000 to 29,000 lbs per steam
In order to minimize the mass and energy release togenerator.

containment contributed by main feedwater flow to the steam
generators, the automatic lead sequencing system logic is being
modified to provide an additional signal to initiate a SIAS upon t

2 psis containment pressure as well as low pressurizer
As discussed in Section II.B of this report, thepressure.

modified SIAS logic will result in securing the main feedwater
flow to the steam generators within 8 seconds, substantially
reducing the main feedwater addition and the resulting
calculated containment peak pressure.

In addition to securing main feedwater flow to the steam
generators earlier as discussed above, the modified SIAS logic,
in coincidence with a high-high containment pressure of 10 psi,
will result in earlier actuation of containment spray to further
reduce the calculated containment peak pressure. The
preliminary results discussed in Section II.C indicate that
containment spray based on the modified SIAS logic will actuate
within 30 seconds as compared to within 60 seconds based on the
prior SIAS logic.

,

As discussed above, the automatic load sequencing logic is being
modified and will be ecmpleted prior to return to power
operation following the current refueling outage. As required
by the Technical Specifications, the Icgic modifications have
been reviewed by the San Onofre Unit 1 review committee and
determined not to involve an unreviewed safety question as
defined in 10CFR50.59 or a change in the Technical Specifica-
tions. Specifically, the modifications do not (1) increase the
probability of occurrence or the consequences of an accident or
malfunction of equipment important to safety previously
evaluated in the Safety Analysis Report, (2) create a
possibility for an accident or malfunction of a different type
than any evaluated previously in the Safety Analysis Report, or
(3) reduce the margin of safety as defined in the basis for any
technical specification. In addition, the operability and
testing requirements for the automatic load sequencing logic
included in the Technical Specifications are not altered.
Accordingly, as permitted by 10CFR50.59, the logic modifications
are being made without prior NRC approval.

In accordance with 10CFR50.59, the details of the logic
modifications, including a written safety evaluation which
provides the basis for the San Onofre Unit 1 review committee's
determination, have been documented and will be maintained at
the station for the duration of the operating license. In
addition, a brief descriptien of the logic modifications,
including a summary of the safety evaluation, will be provided
to the NRC as required by 10CFR50.59 in the annual operating
report for San Onofre Unit 1 in accordance with the Technical
Specifications. For completeness, this infor=ation is provided
as Appendix 6 of this report.

_____ ._
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2. Main Steam Line Inservice Inspection

An inservice inspection of the main steam line was initiated
during the current refueling outage as a measure to provide
assurance of steam line integrity in view of the results of the
preliminary scoping studies shown in Appendix 2 of this report.
The inservice inspection, in' conjunction with the leak detection

*

methods discussed in Subsection II.E.2 assure that pipe flaws
will be detected and corrective actions initiated prior to the
occurrence of a pipe break. A fracture mechanics evaluation was
also initiated as discussed in Subsection II.E.1 of this report

to show that a pipe break is, in fact, not credible.

The main steam line welding and inspection was performed in

1965/1966. It was fabricated in accordance with Section I of
ASME Boiler and Pressure Vessel Code. The original inspection

,
consisted of a 1005 volumetric inspection of all pressure welds
by means of radiography. Although an inservice inspection of

j this line is not a code requirement, a 1005 radiographic

re-examination of the 33 circumferential steam line welds inside
! containment has been completed during the current refueling

outage. This inspection includes the 3 attachment welds to the-

steam generators.
i

Minor flaw indications have been located in 6 welds. None of
the indications appear to have been service induced. One flaw
is being repaired and the remaining five flaws are being
addressed by a frscture mechanica evaluation. The~ disposition
of these findings and corrective actions taken will be reported
to NRC Region V as required.

;

E. Evaluations

1. Preliminary Main Steam Line Piping Integrity- Evaluation

a' . Summary

The objective of this evaluation is to study the integrity
4

of the main steam line for San Cnofre Unit 1. The piping
integrity evaluation requires three types of calculations;

" namely, the plastic instability analysis, tearing modulus '
; analysis and the fatigue crack growth analysis. Preliminary

estimates of the plastic instability and tearing modulus
analyses are discussed below while the fatigue crack growth 'analysis will be submitted by October 1,1980.

Based on the Operating Basis Earthquake moments, plastic '

instability will not occur even in the presence of a 30"
thru-wall crack. If Design Basis Earthquake loads are taken
into account, it is estimated that flaws as large as 5" to
10" will not become unstable. The effect of a Design Basis
Earthquake on the plastic instability analysis will be'

provided by October 1,1980.

1
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'

Preliminary estimates for the tearing modulus analysis ;

indicate that the tearing instability will not result. |
Additional (J integral) calculations associated with the
tearing modulus analysis will be submitted by October 1,
1980 in support of this conclusion.

'

b. Introduction

i Preliminary scoping calculations have been performed to show"

that a through wall crack larger than an easily detectable
size of 1.5 times the thickness of the pipe will not become
unstable, and therefore, a double-ended guillotine break

.

.''

will not result. The piping integrity evaluation requires
j the following three types of calculations.

(1) Plastic instability analysis to show that the piping
loads do not exceed the global moment carrying
capability.

(2) Tearing modulus analysis to show that the tearing
instability will not result.

,

(3) Fatigue crack growth analysis to show that small initial
credible cracks which can be present in any piping,

j.
system will not become critical after fatigue crack
growth due to operating loads.'

The plastic instability method predicts tne ultimate failure
of the piping system even if the crack tears stably to final
failure. The definition of instability used here is that a
crack will be unstable if it continues to propagate without

!
an increase in load. The general behavior observed in
laboratory tests of cracked piping of this type (1,2) is'

that the crack will propkgate stably until the crack is
large enough so that internal pressure cannot be
maintained. The final determination of the critical flaw

; size, or that size flaw which would cause piping failurei

under the loadings considered, is being carried out using a
plastic instability analysis method. In order to apply such'

an analysis procedure, care must be taken to demonstrate
that cracks will not become unstable before the general!

yielding stage is reached. The tearing modulus
approach (3) is used for this purpose.

,

c. Criteria

,

!
(1) Global Failure Mechanism - Plastic Instability Analysis

.

Piping integrity evaluation involves computation of the'

moment carrying capacity (M ) of the pipe in theL
presence of a postulated through wall flaw and shcWing

|
!

!

!

:
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that the maximum moment, M, on the pipe resulting from
severe loading conditions does not exceed the moment
carrying capacity (% ). Therefore the global
criterion for plastic instability Is defined as

1

M<g
;

J

This is illustrated in Figure 8 of this report.
,

The primary concern in the case of an earthquake
condition, the worst case loading here, is that of
bending loads superimposed on the internal pressure
loads already existing in the piping. The case of a
circumferentially oriented flaw (which is the case under
investigation) in piping geometries can be analyzed
using the limit load analysis method (shown in Figure 9
of this report). The method allows consideration of
internal pressure and externally applied bending and
axial forces. Use of this approach yields the limit,

moment (7) as:

2Q,gg22 Rj pt

p(2cosQ-sinm)4 (tr - on R(= 2 (17 - M )2 R ,2t 07

where et, z half-angle of crack, in radius
(refer to Figure 9 of this report)

P = internal pressure
Rm a mean pipe radius inchest apipethickness, Inches

7f 0.4 ( ys u ) (flow stress)
Tys = yield stress
Tu a ultimate tensile strength

R1 pipe inner radius, inches
Ro a pipe outer radius, inchesj s a singular location of neutral axis

(refer to . Figure 9 of this report)
s

This expression was applied to the results of a series
of experiments done by Reynolds(2) and the predictions.

were quite good."
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(2) Local Failure Mechanism - Tearing Modulus Analysis
a.

The local mechanism of failure is primarily dominated by
the crack tip behavior in terms of crack-tip blunting,
initiation, extension and finally crack instability.
Depending on the material properties and geometry of the .

pipe flaw size, shape and loading, the local failure
mechanisms may or may not govern the ultimate failure.
The ideal fracture criteria should be based on material
parameters and analytical capabilities that encompass
all these aspects of crack-tip behavior. The tearing
modulus approach (3) is attractive in that it accounts
directly for the stable tearing which occurs prior to
fracture.

The concept of tearing modulus, T, has been developed on
the basis of the J-integral resistance curve and the,

condimensional quantities Tmat and Tappl. These
quantities are defined as

dJ
E mat

*
mat c72 da

and

E dJ
T :
appl g'f2 da

Youngs Moduluswhere E :

OFf a Flow Stress
Jmat : Value of J integral following the.

material resistance curve
J = applied value of J

The condition of stability of crack growth is given by
the following:

Tmat 7 Tappl Stable

Tmat 4 Tappl Unstable
.

when Tmat exceeds Taucl by a substantial margin,
stable crack growth 13 assured.

... .. .-. . . - - ._ -. - _ . . -- - - _ - , _. ,
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, <

Tadaet.al.(6)calculatedTaphollowingequationandfor boiling water
reactor (BWR) piping using the ,

,

showed that the maximum values assumed by the functions
F1 and F2 were 1 3 and 0 5, respectively.

.

h+FFappl = 3 2 27R
t,

o

Therefore, a conservative estimate of Tappl is given
by the following equation which can be evaluated if the
J values resulting from different loading conditions are

,

determined by a finite element analysis.

b #
T s 1.3 + 0.5 1

7273appl R

d. Results and Discussion

(1) Global Criterion

Appendix 7 of this report provides a table which shows
the calculated limit moment for different assumed
through wall flaw lengths. Based on the available

#,piping stress analysis results(4,5), the maximum
bendir.g moment is 492,100 ft-lbs which includes the
effect of Operating Basis Earthquake loads. Comparisen
of this bending moment with the limit moments for-

different assumed flaw lengths presented in Appendix 7
of this report indicates that even a crack length of 30"
will not become unstable. If Design Basis Earthquake
loads are taken into account, it is further estimated*

that flaws as large as 5" to 10" will not become
unstable, and therefore, a double-ended guillotine break ,

will not result. As previously discussed, the effect of '
a Design Basis Earthquake will be submitted by *

October 1, 1980.

(2) Local Criterion

For the main steam line, the J values resalting from

different loading conditions are not available;
,therefore, Tappl cannot be explicitly evaluated at a.

this time using Equation 1, above. The local stability,

criterion is, however, discussed in the following
paragraph:

._ _ -- - . . - _ _ - _ . _ . - - . _ - - _ _ - _ - _ _ _ . . _ - _ _ _ -
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The Tmat for the piping material, SA106B, is assumed
to be 140 based on unpublished data. The maximum
allowable length of pipe L (between supports) to prevent
instability is calculated by conservatively assuming two
times JIC for the material. The JIC for the-

material is assumed to be 1100 in-lb/in2. Therefore,
j based on an assumed value of J equal to 2200

in-lb/in2, the pipe length which will cause
instability can be calculated at 102.5 ft using Equation
1, above. Use of a J value equal to 4400 in-lb/in2
(i.e., 4 times JIC) yields length of 101.7 ft. The
maximum unsupported length (a) for the piping under5 ,

!consideration is approximately 27 ft which is
significantly less than the critical lengths
calculated. Therefore, stability of piping under
consideration is ensured.

(3) Scope of Fatigue Crack Growth Analysis

In addition to satisfying the global and local criteria
discussed earlier, it is necessary to study the crack

' growth resulting from operating conditions. As
discussed previously, the fatigue crack growth analysis
will be submitted by October 1, 1980. The scope of the
analysis is discussed in the paragraphs below.

The observed indication (or assumed credible indication)
is treated as a sharp crack, and analyzed as to its
behavior in future service. Growth due to further
cycling is evaluated in fatigue crack growth analyses
and then the final flaw size is compared with the
critical flaw size for normal, upset and other operating
conditions.

The fatigue crack growth analysis will follow the-

methods specified in ASME Section XI, Appendix A. The

operating transients which affect the main steam line
will be considered and scheduled over a 40 year period.
Initial flaw depths of different credible magnitudes
will be analyzed to give detailed information on crack
growth behavior. Crack tip stress intensity factors
(K ) will be calculated using an expression for a |Icontinuous flaw oriented circumferentially at the inside
surface of the pipe. The stresses will be linerized
through the pipe wall thickness and will be used to**

-

calculate KI and A KI. The fatigue crack growth for
any single transient will be calculated from a crack
growth rate law.
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O

Conclusiense.

(1) Global criterion based on limit analysis method is
Preliminary calculations using Operatingsatisfied.

Basis Earthquake loads indicate that even a crack length
e

of 30" will not become unstable. The maximum moment
including Operating Basis Earthquake is 4.921 X 105
ft-lbs as compared to the limit moment of 5.127 X 105
ft-lbs for 30" flaw. If Design Basis Earthquake loads

-

are taken into account it is further estimated that
flaws as large as 5" to 10" will not become unstable.
As discussed previously, the effect of a Desi n Basis
Earthquake will be submitted by October 1,19 0.

(2) Preliminary estimates indicate that the local criterion
As discussed previously, additional (Jis satisfied.

integral) calculations will be submitted by October 1,
1980 to support this conclusion.

f. References~

Eiber, R. J. Maxey, W. A., Duffy, A. R., and Atterbury,
1.

T. J., " Investigation of the Initiation and Extent of
Ductile Pipe Rupture", BKI-1856, July,1969

Reynolds, M. B., " Failure Behavior of Flawed Carbon2.
Steel Pipes and Fittings", GEAP-10236, October 1970.

Paris, P. C. et. al., "A Treatment of the Subject of3 Tearing Instability", Washington University Report
NOREG-0311, July,1977.

'

" Piping Flexibility Analysis," Bechtel Job No. 3246-5,4.

11/20/64

" Main Steam X and Z Acceleration (Earthquake)", Bechtel
5

Job No. 3246-1. 12-18-64.

H. Tads, P. Paris and R. Gamble, "S'tability Analysis of6.
Circumferential Cracks in Reactor Piping Systems".#
NUREG/CR-0838 R1, RS, June, 1979

" Determination of the moment Capacity of Pressurizedw 7. Piping with Circumferentially oriented Through-wall
Flaws", Central File, SM 12.9.1, May 21,1980.

8. Isometric line drawings Nos. 334530-3, 334532-2 and
334533-2.

.

P



.

-21-

2. Leak Detection System

The main steam line pipir:g integrity evaluation discussed above
concluded that postulated thru-wall cracks several inches in
length would remain stable if subject to the design basis-

station loading combinations. The thru-wall critical flaw size
for the main steam line is estimated to be 5" to 10" in length
as discussed in Subsection II.E.1. A thru-wall crack of this*

length having an equivalent area of one square inch would result
in a steam leak rate of 36,000 lb/hr. The capability of the San
Onofre Unit 1 leak detection system to detect the resulting
leakage to containment associated with such postulated cracks is
discussed below.

Detection of leaks frem the main steam line to containment is
accomplished through the use of any or all of the following
methods:

a. Increase in containment sump level and operation of the
containment sump pumps.

- b. High humidity alarm in containment.

c. High radiation alarm.

With these methods, a leak of one spm (500 lb/hr)' can be
detected in a matter of hours. Larger leaks would be detected
by indication frem process variables (such as steam flow, feed
flow, steam generator level, steam generator temperature and
pressure) or by high temperature and high pressure alarms in
containment.

In the event symptoms of a leak are noted, an investigation
could be conducted to determine the source of leakage, including

. containment entry, if necessary, and an evaluation would be made
to determine the proper course of action.

3 Containment Integrity Evaluation

A containment sphere summary stress evaluation was submitted as
Enclosure 2 " Summary Sphere Stress Evaluation, San Onofre Unit
1" of our January 19, 1977 letter. Our February 4,1977 letter
revised the material properties provided in Enclosure 2 of our
January 19, 1977 letter. Section IV.D of the 1977 evaluation
(hereafter referred to as " previous evaluation") concluded that
a containment internal pressure of 51 psig evaluated in-

confunction with all required stress conditions and load
combinations on the containment sphere and on all significant
penetrations resulted in stresses within code allowable stresses
based on as-built minimum ultimate tensile strength of the
containment material,

l
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The previous evaluation was reviewed following the completion of
the MSLB scoping studies to dettemine the maximum pressure
capability of the containment sphere based on minimum
specification yield strength of the sphere material. As
indicated in the previous evaluation (Section IV.B), the stress,

intensity allowables for the containment sphere are based on
minimum specification yield strength or ultimate tensile-
strength at temperature (5/8 yield strength or 1105 ultimate
tensile strength divided by four, whichever is less). The yield
strength criterion does not govern for the sphere material with,

respect to code evaluations, but it is an indication of the
. maximum sphere strength capability and margin available prior to'

localized yielding which could lead to loss of containment
sphere integrity.

The review indicated that in order to achieve the minimum
specification yield strength of the sphere material (38,000 psi)
an internal sphere pressure of 92 psig would be required. As

( noted in the previous evaluation (Section IV.B), the as-built.

material strength exceeds minimum specification. Thus, it is
- evident that from a structural integrity perspective, the MSL3

inside containment can be accommodated with the current design.

Additional assurance of containment integrity was demonstrated
by an initial pneumatic integrity test which was conducted for
the sphere following construction. The sphere was held at 53.4
psig (115% of design pressure) for one hour. Details of the
test procedure and results were submitted to the NRC recently by
letter dated April 4,1980. Thus, further assurance of
containment integrity under overpressure conditions has been
provided.

In addition to pressure, thermal effects were considered in the
previous evaluation as secondary stresses per ASME Section III
Subsection NE-3222.2 and as primary loads for the analysis of
piping loads on penetrations. Thermal analysis of the
containment sphere was originally conducted by Chicago Bridge
and Iron Company. The stress analysis was performed for a 46T
of 200oF, based upon a maximum temperature of 271.8cF and an
ambient temperature of 72cF. Allowntle stresses were in

"* accordance with the applicable sections of the ASME code.

The analysis results given in the previous evaluation (Table 3)
for secondary stresses are based upon a maximum sphere,

'

temperature of 3000F (Section IV) . As noted in the previous
evaluation (Section III), the penetration analysis included*

loads due to thermal growth. In general, stresses in the
vicinity of the penetration are less than those in the region of -

the shell to foundation juncture because the penetration area is
reinforced with a doubler plate. Thermal effects on this
thickened portion were investigated in the analysis of the4
penetration. The results indicated that stresses were within
allowable limits.

O

.. ._ _ - -
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The results of the analysis for the effects of a postulated MSLB
indicate an expected maximum temperature of the steel sphere of
less than 268cF. Since this is less than the original design

basis of 271.8cF and 3000F used for the analysis given in
the previous evaluation (Table 3), temperature effects due to a

.

MSLB will be within the allowable limits of 3.0 Sm for
secondary stresses.j

.

.

5
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III. AUXILIARY FEEDWATER SYSTEM AUTOMATION MODIFICATIONS

Our April 29, 1980 letter indicated that the modifications to provide
automatic initiation of AFWS flow to meet the criteria of Item 2.1.7.a
of NUREG-0578 cannot be completed prior to January 1,1981. Appendix 8
of this report summarizes the engineering / procurement / analytical~

completion constraints discussed in our April 29, 1980 letter. As shown
in Appendix 8 of this report, the overall engineering design activities,

.

y procurement activities, and analytical work are expected to be completed
A by October 1, 1980, December 12, 1980 and October 1, 1980, respectively.

'

Based on current engineering activities, preliminary piping and
instrumentation diagrams are provided as Figures 10 and 11 of this
report showing the AFWS flow configuration and the turbine driven AFWS
pump steam side supply configuration, respectively, as proposed to meet
the criteria set forth in Item 2.1.7.a of NUREG-0578. As abown in these*

figures, the AFWS is being modified to establish two AFWS flow trains
with independent and separate automatic initiation signals and
circuits. Figure 3 of this report shows the current AFWS configuration.~

? .

Pending completion of the automatic initiation of AFWS flow, the*

compensatory measures which will be implemented include:-

1. Partial implementation of TMI Lessons Learned Requirements providing
remote manual AFWS flow cperation from the control room, except_

following a SIAS.

2. Local manual AFWS flow operation following a SIAS utilizing the
dedicated operator stationed at the manual AFWS isolation valves.

A review of previously analyzed transients and accidents indicates that
- the remote manual / manual operation of the AFWS is acceptable.

4

a
se

,

d

--- - .-. . - -
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IV. SUMMARY AND CONCLUSIONS j

The information contained herein documents the current status of
analytical, engineering and procurement efforts to implement the post

,

THE-2 short-term requirement to provide automatic initition of AFWS
flow. Based on this information, .the following summary and conclusions.

are made:

A. Previous MSLB accidents were analyzed to determine core response and
not containment response. The mass and energy release resulting
from a complete loss of primary coolant was considered more limiting
than that from a secondary pipe rupture. Therefore, the MSL3
accident is currently being reevaluated relative to containment
response.

)
B. Preliminary scoping studies of the MSLB accident were initially

conducted to obtain early results using very conservative,
simplified assumptions. These results indicated that the peak
pressure inside containment may exceed the design basis pressure for
the containment. Revised preliminary scoping studies have been
performed using conservative, standard (licensing basis) assumptions

,

and better estimate assumptions. In addition, these studies reflect
- modifications to the SIAS so that an SIAS is generated on high

containment pressure to secure main feedwater flow earlier in the
accident. The results of the revised studies indicate that the peak
containment pressures would be 50 psig (standard assumptions) and
48.4 psig (better estimate assu=ptions) at full power, and 53.0 psig
(standard assumptions) and 52.2 psig (better estimate assumptions)
at no lead. The results of the revised studies still contain
substantial conservatisms with respect to mass and energy generation
(i.e., dry steam and constant primary to secondary heat transfer)
and containment heat transfer (i.e., no condensate revaporization).
A best estimate calculation without these conservatisms would be
expected to be no more severe than the previously calculated peak
pressures for the containment following a LOCA.

The calculated peak containment pressures for the full power cases
do not exceed the current containment design basis of 51.0 psig
(based on as-built material properties) and the better estimate
pressure for the full power case does not exceed the peak
containment pressure previously reported for a LOCA (i.e., 49.4**

psig). For the no load cases, the calculated peak containment
pressures are slightly above the containment design basis pressure.s
However, these pressures are still below the initial test pressure
of the containment. Evaluations have been performed to provide
assurance that a double-ended guillotine rupture of the main steam-

line postulated for purposes of this analysis is not credible and
that substantial margin in containment strength is available to
accommodate these no load pressures. In addition, station operation
at low power (i.e. , less than 20%) constitutes a small fraction of

9' the total station operating history.

.

- - _ ____ _-
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With respect to thermal effects, the preliminary scoping studies
indicate that the maximum temperature of the steel containment is
expected to be less than 2680F. This is less than the original
design basis for the containment.

~

As indicated in our January 16, 1980 letter, the complete analytical
assessment associated with providing automatic initiation of the
AFWS flow as requested by the NRC November 15 and December 21, 1979*

letters will be submitted by October 1,1980.

C. The preliminary results of the various MSLB accident scenarios

obtained to date warrant corrective actions to reduce the calculated
peak containment pressures. Accordingly, the SIAS logic is being
modified to occur on high containment pressure. The system design
change will result in securing main feedwater flow early in the
accident and minimize the amount of additional mass and energy
contributed by this flow. This requirement for corrective actions
constitutes a reportable occurrence as defined in Technical

) Specification 6.9.2.a(9), and as such, is reportable to the NRC
Region V pursuant to the Technical Specifications.

. The system design change has been determined not to involve an
unreviewed safety question as defined in 10CFR50.59 or a change to
the Technical Specifications. Accordingly, the change is being made
without prior NRC approval.

D. A centainment integrity evaluation has been performed to determine
realistic margins for the pressure retaining capability of the--r

contain=ent. The evaluation indicates that based on minimum
specification yield etrength (versus one-fourth of 1105 of the
tensile strength used as a basis for code allowables), an internal
pressure of approximately twice (i.e., 92 psig) the design pressure
can be accommodated with the current design. Therefore, the
containment %ntegrity following a postulated double-ended guillotine
rupture of the main steam line piping will be maintained. In
ad'dition, the containment was tested for overpressure prior to
initial station operation at a test pressure of 53.4 psig for an
hour. The test pressure exceeds the calculated peak containment
pressures in all cases, thus providing further assurance of

| containment integrity.

'

E. A preliminary evaluation of the main steam line piping integrity was
Q performed to determine the credibility of a postulated instantaneous

double-ended guillotine rupture of the main steam line. The
' evaluation indicates that very large postulated thru-wall cracks

! will not become unstable, thus precluding the possibility of a
double-ended guillotine rupture of the main steam line piping. A-

, postulated thru-wall crack of a size which has been evaluated to be

! stable would be readily detected by inservice inspection or by the
| station leak detection methods during operation and corrective

actions initiated prior to any threat to main steam line piping
integrity.

|

|

|

L
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This evaluation is similar to the mechanistic pipe break evaluation
currently being reviewed by the Regulatory staff which was conducted
for the Westinghouse Asymmetric Loads Owners Group (WCAP-9570).
Acceptance of this approach for that application would mean, in
effect, that double-ended guillotine ruptures would no longer be
postulated for structural analysis.

The final evaluation to determine the integrity of the main steam
line piping will be submitted by October 1,1980.

F. A radiographic inservice inspection of all circumferential steam
line weld joints inside containment has been completed. Six flaws
were discovered during the inspections and will be satisfactorily
dispositioned prior to return to power operation following the
current refueling outage.

G. Based on analytical / engineering / procurement constraints,
modifications to provide automatic initiation of the AFWS flow
cannot be completed prior to January 1,1981. Until completion,
compensatory measures include (1) remote manual AFWS flow
capability, except following a SIAS, and (2) local manual AFWS flow
capabiliaty following a SIAS. Previous analyses indicate that this
manner of operation is acceptable.

Based on the information su=cari:ed above, it is concluded that there is
reasonable assurance that a double-ended guillotine rupture of the main
steam line is not credible, that the probable consequences of a MSLB
accident are no more severe than the.previously calculated peak
temperatures and pressures for the containment following a LOCA
(considering a best estimate calculation with respect to mass and energy
generation and containment heat transfer), and in the event that post
MSLB temperatures and pressures exceed those previously calculated
following a LOCA, containment integrity will be maintained by virtue of
the as-built strength of the containment.

t

*

i
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APPENDIX 1

PREVIOUS ANALYSES

1. Initial MSLB Analysis (Design Basis Accident - Core Cycle 1)'

j Spectrum of Breaks Analyzed Inside and Outside Containment at Noo
Load and Full Load Conditions

s
o MSLB Analyzed for Core Response and Not Containment Response

o MSLB Mass and Energy Release Not Considered Limiting for Containment
Design Basis Pressure

o Worst Case Break Postulated at Steam Generator B Tee Connection to
Main 24-Inch Pipe at No Load Conditions

= o 'Cors Response Shown to be Acceptable*
.

2. Core Reload MSLB Reanalyses (Core Cycles 2, 3 and 4)
.

o Different Core Parnmeters

o Similar Conclusions as above

3 Core Reload MSLB Reanalyses (Core Cycles 5, 6, 7 and 88)

o Different Core Parameters

o Loss of Off-Site Power

o Elevated Upper Reactor Vessel Head Temperatures

o Reduced Safety Injection System Flow

o Four Combinations of Break Sizes Inside and Outside Containment
Analyzed For Core Response

o Similar Conclusions as above

1
|

' Cycle 8 operation will begin following the current refueling outage.

i
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APPENDIX 2
,

2 SAN ONOFifE - UNIT 1

MAIN STEAM LINE BREAK ANALYSIS
PRELIMINARY RESULTS

,

I
.

Pipe M.F.W. Spray Max. Cont. Max. Cont.
Size Steam Isolation Start Pressure Temp.

Case (in.) Condition (sec.) (sec.) (psig) (sec.) (OF) (sec.) Comments

I-A 20 DRY 34.5 56 53 7 93 423 56 Base Case
I-B 24 DRY 31.5 53 62.0 165 4 32 53 No modifications

I-C 20 WET 35 56.5 47.6 394 340 57 manual Aux. F.W.
I-D 24 WET 38 59.5 60.4 134 351 59 at 10 min. i

|

II-A 20 DRY 8 56 45.4 56 418 56 Early MFW term. !

II-B 24 DRY 8 53 56.8 72 432 53 at 2 psig containment |

II-C 20 WET 8 56.5 38.3 114 307 56 manual Aux. F.W. |

II-D 24 WET 8 59.5 47.4 49 337 49 at to min. |

III-A 20 DRY 8 56 46.7 60 420 56 Same as Series II
III-B 24 DRY 8 53 57.8 84 432 53 with automated

III-C 20 WET 8 56.5 - - - NOT RUN - - - Aux. F.W. at max.
,

III-D 24 WET 8 59.5 49.8 55 344 55 riow thru 10 min.

I

IV-B 24 DRY 8 33 53.7 72 411 33 Case II-D with
min. spray delay

:

NOTES: All cases assume double-ended pipe break
Reactor at rull power
Loss or one spray pump

1

WP:wpr

.

_ _ .
. . . . . . .
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APPENDIX 3

MAIN STEAM LINE BREAK - CONTAINMENT RESPONSE
PRELIMINARY RESULTS

.

SAN ONOFRE - UNIT 1

Brea':: 24-in. double-ended guillotine rupture
Break Area: 2 x 2.66 f t2
Blowdown: dry steam; flow limited by 1.12 f t2 area flow venturis

in each steam generator outlet line.
Offsite Power available
Safety Injection Signal at 2 psig.
Containment Spray Signal at 10 psig.
Auxiliary Feedwater on at 10 minutes

Case

1 2 3 4

Mass / Energy Release Assumptions Better Standard Better Standard
.

Estimate Estimate

Reactor Power (5) 100 103 0 0

Peak Containment Conditions
~'

Pressure (psig) 48.4 50.0 52.2 53 0
Time (Sec) 78 110 355 378

Vapor Temperature (oF) 405 406 403 404
Time (Sec) 32 32 31 31

Energy Integrals e Peaki
Containment P~ressure (106 Btu)

Break Flow 166.62 190.32 246.17 242.48
Passive Heat Sinks 2 6.65 35.79 68.24 70.44
Spray Heat Transfer 1.93 2 91 10.01 10.76

e

b
a
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APPENDII 4
A

CHRONOLOGY OF EVENTS
FOR THE FULL POWER, BETTER ESTIMATE, 24 IN. D. E. MSLB (CASE 1)

a
.

'

TIME
(SECONDS) EVENT,

_
0 Pipe ruptures; steam generator depressurization begins

1 Containment # 2 psig; SI signal generated

1 Reactor tripped on steam-feedwater flow mismatch

i 3 Control rods begin entering core; main feedvater pump
isolation and control valves begin closing

4.5 Containment # 10 psig; spray pump start signal generated

8 Main feedwater flow to steam generators terminated

! I
13 Main feedwater control valves closed (back-up to MFW pump .

isolation valves)

30.1 Containment spray flow reaches nozzles

4 34 .3 Full containment spray flow established (1080 gpa)
* '

| 78 Containment reaches peak pressure of 48.4 psig
!

I'

91 Dryout of steam generators
| 550 Containment sphere inside surface temperature reaches maximum

value of 239.2cr
|

*

600 Auriliary feedwater flow established to all steam generators
at 250 gpm (total),

!

_ _ _ _
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APPENDIX 5

CHRONOLOGY OF EVENTS
FOR THE ZERO POWER, BETTER ESTIMATE, 24-IN. D.E. MSLB (CASE 3)

TIME
. (SECONDS) EVEST

0 Pipe ruptures; steam generator depressurization begins

1 Contair. ment i 2 psig; S.I. signal generated

3 Main feedwater pu=p isolation and control valves begin closing

35 Containment i 10 psig; spray pump start signal generated

8 Main feedwater flow to steam generators terminated

13 Main feedwater control valves closed (backup to MF'd pump
isolation valves).

29.1 Containment spray flow reaches nozzles

33 3 Full containment spray flow established (1080 gpm)

i 355 containment reaches peak pressure of 52.2 psig

375 Dryout of steam generators

600 Auxiliary feedwater flow established to all steam generators
at 250 gpm (total)

650 Containment sphere inside surface temperature reaches maxi =um
valve of 268 3cF

_ _ _ _ _ _ _ - _
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APPENDIX 6

DESCRIPTION AND SAFETY EVALUATION
MODIFICATIONS TO AUTOMATIC LCAD SECUENCING LOGIC

7
DESCRIPTION

.

This design change incorporates modifications to the automatic load sequencing
logic to provide an additional signal to initiate safety injection upon 2 psig
containment pressure. Accordingly, a safety injection actuation signal (SIAS),

will be generated upon 2 out of 3 pressurizer low pressure (existing) OR 2 cut
of 3 containment high pressure (new) . The containment high pressure signalsi

will be provided by the existing containment isolation actuation system (CIAS).

i SAFETY EVALUATION

I An evaluation of the logic modifications has been performed to ensure that
isolation of the main feedwater flow by initiating SIAS upon containment high

I pressure has no impact on other safety systems or analyses.
\*

\
The design provides adequate separation and isolation to ensure that the logic

* modifications do not impact the integrity of the CIAS which is derived from
the same containment pressure sensors (at 2 psig setpoint). Manual initiatien

i and reset of the automatic load sequencing logic and CIAS remain unchanged.
Failure of the common power supply to the CIAS associated with each autocatic
load sequencing logic will not result in automatic load sequencing logic
initiation; however, it will initiate contain=ent isolation.

_
,,

Based on the Technical Specifications, the automatic load sequencing logic is
required to be tested every two weeks. During the testing the input SIAS

/' logi OR configuration will be changed to a logic AND. Therefore, with one
SIAS sub-channel in test, false actuation of another sub-channel will not

, k. cause spurrious automatic load sequencing logic initiation. This capability.

is provided by logic' modifications and a test mode switch installed on each
automatic lead sequencing logic test panel. While in the test position, the
SIAS will be generated based on containment high pressure and low pressurizer,

pressure. Test switch position indication is provided in the main control
room. The testing requirements are consistent with those permitted by IE

' Bulletin No. 79-06A, Revision 1, with respect to performing surveillance
testing of the pressurizer low pressure channels. In order to prevent
spurrious automatic load sequencing logic actuation, the pressurizer low level

\- channels (required to be tripped by the Bulletin) =ay be restored to normal.,

/E ' operation for the duration of the test.
,

,

The systems and equipment included in the logic modifications were designed,
manufactured, and installed as temporary safety grade consistent with other

,

modifications associated with the implementation of Category "A" Lessons
Learned Requirements. Upgrading to safety grade, if necessary, will be
completed by January 1, 1981.

i
' A review of the accidents and transients previously analyzed has been

performed to determine the ispact of producing an SIAS on high containment
'

pressure. Based on that review, an earlier SIAS has a beneficial effect on
the analyses.

i-

- - - . . - . - - _. -, ,_ _. .-- - - . - - - .--
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APPENDIX 7

CALCULATED LIMIT MOMENT'
;

i
-

g.

Crack Length Limit Moment*

(inches) (ft-lbs)

1

0 1.7216 X 106
3 1.6025 X 106
5 1.5200 X 106,

l 10 13073 X 106
20 0.80375 X106.
30 0.5127 I 106,, '

.

,na

e

b

1

, , , _ _ _ . . . - ,. .-. . -
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APPENDIX 8

COMPLETION CONSTRAINTS

1. Engineering-

Sequencial Engineering Activities Necessary to Issue P.O.'s to beo
Completed by August 1, 1980

o P.O.'s to be Issued by August 1,1980

o Design Details to be Submitted by October 15, 1980

2. Material Procurement

44 Week Normal Delivery /17 Week Expedited Delivery of Copes-Vulcan* * o
Flow Control Valves From Receipt of P.O.

o Based on august 1,1980 P.O. Issuance, Delivery By December 12, 1980-

o All Other Items Quoted As 12 Weeks or Less Delivery

3 Analytical Assessment

o MSLB and Feedwater Line Break Information in Accordance with
December 21, 1979 NRC letter By October 1, 1980

o Auxiliary Feedwater Flow Requirements in Accordance with November
15, 1979 NRC Letter By October 1,1980

4. Other Assumptions

o Material Delivery Quotations Based on Preliminary, Conceptual
Engineering

Piping will be Borrowed Frem San Onofre Units 2 and 3 and will beo
Field Fabricated

o Current Design Basis For Auxiliary Feedwater System Flew Verified by
) Analytical Assessments
|

** o Abbreviated TMI Design Review Procedures Will Be Utilized.

Engineering Activities Can Pre.tca Without Interferences from other*
o

TMI Activities or Any New Act.vities Resulting From NRC Denial to
Defer Items to SEP

WGF:wpf

. __ - --_____
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E y 3 +( [ ,g NUCLEAR REGULATORY COMMISSION f pc,+

W ASHINGTON, D. C. 20555
;. /.

\ n.:.?f.....f '
JUL 151980

.

MEMORANDUM FOR: P. Check, Assistant Director for
Plant Systems

Division of Systems Integration

FROM: Thomas M. Novak, Assistant Director for
Operating Reactors

Division of Licensing

SUBJECT: AUTOMATIC INITIATION OF AUXILIARY FEEDWATER SYSTEM (AFWS)

Enclosed is Bob Clark's reconnendations regarding a priority listing for
reviewing the subject matter. I have reviewed the reconnendations and
Concur..

r577 k'

e
Thomas M. Novak, Assistant Director for

Operating Reactors
Division of Licensing

i

Enclosure:
| As stated
|

cc: D. Eisenhut
D. Ross
Operating Reactor BC's
R. Satterfield
G. Lainas

.

|

i

4r
- - - - -
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.

MEMORANDUM FOR: T. Novak, Assistant Director for Operating Reactors DL

FROM: _ R. Clark,' Chief, Operating Reactors Branch No. 3. DL

SUBJECT: AUTOMATIC INITIATION OF AUXILIARY FEEDWATER SYSTEM-
.

(AFWS)
-

T

Mr. P. Check's memorandum to you dated May 13, 1980 on this subject,
requested that a priority listing be established for the review of
this matter (Lessons Learned Item 2.1.7.a) for operating plants.

;

We have developed such a -listing for the operating PWRs which classifies -

them into one of three priority categories, "A" being the highest priority.
"A" category plants plan to be shutdown for significant periods (2 to 6
weeks) for various reasons (SG inspections, refueling, LZ implementation,1

,
etc.) sometime in the months of August or September. Therefore, these
plants should receive the highest priority since they offer the oppor-

: tunity to implement any hardware fixes required by 2.1.7.a resolution
while they are already down for the other purposes mentioned above.
Licensees for these plants have submitted sufficient infomation to

' pemit a review of their proposed implementation.
,

-Category B plants plan to be shutdown tin the months of October or
November. Category C plants plan to be shutdown in December or later
than the January 1,1981 d4adline.

'Imediate attention should be paid to the plants to be shutdown in the July
August period if the review is to be completed prior to their currently
scheduled startup (Robinson 2. Millstone 2 and San Onofre 1).'

It should also be noticed that for the multi-unit sites, if the designs
.

are highly similar for all the ' plants on'a site one review may have the
! effect of resolving the issue for more than one reactor (Surry 1 & 2,

Turkey Point 3 & 4, Prairie Island 1, & 2, Oconee 1, 2 and 3, etc.).

The most rapid way to kick this review off appears to be for the assigned-

ICSB reviewer to pronptly visit the PM to assess the quality of the
licensee's response to Mr. Denton's letter of October 30, 1979. Techni-
cal responses to each of the seven items in that letter may have been

. _

J

|I p.4 b-I0+2c w f f
. . - . - __ - - -
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documented in licensee correspondence in response to the B&O review of
AFilS in which case a bit of searching may be required to locate the
info rma tion. Drawings (P& ids, electrical schematics and logic diagrams)
may no ':onger be available from the original submittals except in the
Dacket Files in the basement of the Phillips building. Following this
assessment ICSB will know what additional material has to be reproduced
as requested from the licensee to permit the review to be done.

The PMs for each plant are listed in Enclosure 3. The scheduled dates
for completion of the staff's review and implementation of ar,y required
hardware fixes are indicated by Enclosure 2 which provides the expected
date of shutdown and duration of shutdown as precisely as these can
be determined at this time.

Ta6/R.A. Clark',Ch4ie -

,

Operating Reactors Branch #3
Division of Licensing

.

4
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ENCLOSURE 1
.e

' CATEGORY A
,

Planned
Plant PM Room / Phone Shutdown

Period

Robinson 2 Neighbors 318/27037 August

Salem 1 Ross 318/27134 September

Surry 1 Neighbors 318/27037 September
,

Turkey Point 3 - Grotenhuis 319/27128 August

Millstone 2 Conner 334/27435 August

Prairie Island 1 Martin P-1122/28087 Seotember

iOconee 1 Fairtile 3308/27435 September

San Onofre Wambach 322/27038 August

.

Soecial

Zion 1 & 2, Indian Point 3 and TMI-1 are in a special review category
as already determined by DL and DSI..

.

9

* em
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Shutdown Scheduled Before Submittal Review
ORB #3(cont'd) January 1981 Status Priority

North Anna 1 December 1, Refueling 2 C

Point Beach 1 November 7 2 B

2 No 2 C

Prairie Island 1 September, Refueling 2 A

2 January, Refueling 2 C

St. Lucie 1 No 2 C

Trojan No 2 C

-
1

ORB #4

ANO-1 No 3 C

2Crystal River 3 October for L Implementation 3 B
,

Davis Besse 1 Shutdown New.Startup August 1 3 C

2Oconee 1 Seotember for L Implementation 2 A
2

| 2 October for L Implementation 2 B

l 3 November for L2 Implementation 2 B.

Rancho Seco 1 No 3 C

TMI-l Hearing to start Oct. 9

ORB #5

Ginna November. Steam Gen. Inspec. 2 B

Haddam Neck No 2 C

Palisades No 2 C

San Onofre 1 Now down due to S. Gen. - problems
and refueling. Startuo not exoected
before late August.

'

2 A

Yankee Rowe Now down due to turbine problems. 2 C

Startup not expected before Dec. 80. - --

Submittal Status
1. Itemized resoonse including P& ids, Logic drawings and electrical schematics.
2. Itemized response exists but it is not known if the drawings nentioned in

1. above have yet been sent to NRC for these plants.
3. Response is too abbreviated to support a technical review by the staff at

this tire.

.- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



ENCLOSURE 24

. ,

S

Shutdown Scheduled Before Submittal Review
ORB #1 January 1981 Status Priority

Beaver Valley Has been dow since Nov. 79. 3 C
Short term L currently under
review. Currently scheduled
startup in August.

D.C. Cook 1 No 1 C
2 No 1 C

Farley 1 October - Refueling 2 B
* Indian Point 3 No. Implementation will be

per an Order for this plant.

Kewaunee No. C

'
Robinson 2 Now down due to SG leaks. May 1 A

refuel. Expected to be down
most of August.

Salem 1 September - Refueling 1 A
.

Surry 1 September - Repair SG 2 A
'

2 Down now - startup 7/30 2 C

Turkey Point 3 Aug. or Oct. for 2 weeks for 1 A
SG inspec.

'

4 November 1 B

Zion 1 Now under review in ICSB.
2 Implementation will be per.

an Order for these plants.

ORB 63

ANO-2 No 3 C

Calvert Cliffs 1 October 15, Refueling, 1 8
6 weeks

2 January 1 1 C

Fort Calhoun No. 2 C

Maine Yankee No. C

: Millstone 2 July 26, Refueling, 6 wks. 2 A,
.,

1

__ _ _ _ _ _ _ __
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ASSIGNMENT LIST

FOR

OPERATING REACTORS
'

DIVISION OF LICENSING

May 8, 1980
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Thomas M. Novak, A/D for Operating Reactors

Operating Reactors Branch #1 - Steven A. Varga, Chief
C. Parrish, Licensing Assistant

DOCKET !!O. FACILITY PRIMAR)' BACKUP

50-334 Beaver Valley 1 Ross Miner

50-315/316 D. C. Cook 1/2 Miner Reeves

50-348 Farley 1 Reeves Licciardo

50-3/237/286 Indian Point 1/2/3 Olshan Ross

50-305 Kewaunee Licciardo Neighbors;
,

50-261 Robinson 2 Neighbors Miner
*

50-272 Salem 1 Ross Grotenhuis

50-280/281 Surry 1/2 fleighbors Grotenhuis

50-250/251 Turkey Point 3/4 Grotenhuis Neighbors

50-295/304 Zion 1/2 Reeves 01shan

'

.

.
.

,

* ate: 3, iii q,i,, ton en det a il t o lif S.

_ .. - , _ _ - ___ - __ _ , , - - . . _ ._ _ - . _ - .
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Operating Reactors Branch #2 - Thomas A. Ippolito, Chief
S. Norris, Licensing Assistant

DOCKET NO. FACILITY PRIMARY BACKUP

50-259/260/296 Browns Ferry 1/2/3 Clark Rooney

50-325/324 Brunswick 1/2 Hannon Bevan

50-298 Cooper Rooney Polk

50-249 Dresden 3 Bevan Hannon

50-331 Duane Arnold Kevern Clark

i50-333 Fitzpatrick Polk Kevern
.

50-133 Humboldt Bay Rooney Clark -

50-263 Monticello Kevern Bevan

' 50-220 Nine Mile Point 1 Polk Kevern

50-293 Pilgrim 1 Hannon Polk

50-254-265 Quad Cities 1/2 Bevan Rooney

50-271 Vermont Yankee Rooney Hannon

-

[

|

|
|

|

| Note: B. Siegel on detail to HFS
i T. Alexion (Intern)
i

. -

__ _ _ _ - -
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Operating Reactors Branch #3 - Robert A. Clark, Chief

P. Kreutzer, Licensing Assistant

DOCKET NO. FACILITY PRIMAR'.1 BACKUP

50-368 Arkansas 2 Martin Sands

50-317/318 Calvert Cliffs 1/2 Conner Wagner-

50-285 Fort Calhoun Wagner Conner

50-70 GETR Nelson Requa

50-309- Maine Yankee Nelson Requa

50-336 Millstone 2 Conner Wagner-

50-338 North Anna 1 Engle Trammell

50-266/301 Point Beach 1/2 Trammell Engle.

.

50-282/306 Prairie Island 1/2 Martin Sands
*

50-335 St. Lucie 1 Nelson Requa

50-344 Trojan Trammell Engle

.

- -
,

-, .- . . _ . . _ _ _ , _ , _ _ . . _ _ __ _ _ . . _ _ . . . _ . _ _ . _ . _ _ . . _ _ _ . . _ _ .
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Operating Reactors Branch #4 - Robert W. Reid, Chief
M. Duncan, Licensing Assistant for TMI-l
R. Ingram, Licensing Assistant

DOCKET NO. FACILITY PRIMADY BACKUP

Babcock & Wilcox

50-313 Arkansas 1 Vissing Garner

50-302 Crystal River 3 Erickson Fairtile

50-346 Davis-Besse Garner Vissing

50-269/270/287 Oconee 1/2/3 Fairtile Erickson
1

50-312 Rancho Seco Garner Vissing

50-289 Three Mile Island 1 Dilanni Silver

. .Three Mile Island 1 (hearing) Silver Dilanni -

General Electric

50-321/366 Hatch 1/2 Verrelli Fairtile
'

50-277/278 Peach Bottom 2/3 Verrelli Fairtile

.

I r - r
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Gus C. Lainas, A/D for Safety Assessment
,

Operating Reactors Branch #5 - Dennis M. Crutchfield, Chief
H. Smith, Licensing Assistant

DOCKET NO. FACILITY PRIMARY BACKUP

50-155 Big Rock Point (GE) Paulson Shea

50-10/237 Dresden1/2(GE) O'Connor Nowicki

50-244 Ginna (W) Nowicki Wambach

50-213 Haddam Neck (W) Caruso Burger
_

50-409 Lacrosse (AC) Shea Caruso
'

50-245 Millstone 1 Shea Paulson

50-219 OysterCreek(GE) Paulson Nowicki

50-255 Palisades (CE) Wambach O'Connor
.

50-206 San Onofre 1 (W) Wambach Burger

50-29 Yankee Rowe (W) Burger Caruso

.

9
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July 16, 1980 -I g7
,

| i->
U. S. Nuclear Regulatory Commission _3
Attention: R. H. Engelken, Director .

Office of Inspection and Enforcement s '

Region V Y.. .

~ ' . .Suite 202, Walnut Creek Plaza
1990 North California Boulevard
Walnut Creek, California 94596

Gentlemen:

Subject: Docket No. 50-206
IE Bulletin 80-04, Analysis of a PWR
Main Steam Line Break With Continued

'
Feedwater Addition
San Onofre Nuclear Generating Station
Unit 1

By letter dated May 19, 1980 we advised you that we
would complete our review and provide our response to Item 2 of
IE Bulletin 80-04 by July 1, 1980. The purpose of this letter
is to reschedule the submittal of our response to Item 2 of IE.-
Bulletin 80-04

4

As indicated in our letter of May 19, 1980 as part of
our review, Westinghouse provided data which is generic in nature.
Additional time was needed to review the applicability of this
information relative to San Onofre Unit 1. In the course of our' -

! review, it was deemed prudent to perform a partial reanalysis of'

the MSLB core response to confirm the applicability of the generic
conclusion to San Onofre Unit 1. This analysis has been completed

! and is currently being transmitted to us. Following completion of
| our review of the results and conclusion of this reanalysis,
i we will provide our response to Item 2 of IE Bulletin 80-04. We
! estimate that our review will be completed and response will be

submitted by August 1, 1980.

neseosoAH 80 2||,

|
. .-_ . - .
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Mr. R. H. Engelken -2- July 16, 1980

If you have any questions or desire further information.
please contact me.

Ve ly yours,

e f

. LL1 {}$'u. L. Ottoson b
-

Manager of Nuclear Operations

cc: D. M. Crutchfield (FRR)
NRC Office of Inspr.r. ion and Enforcement
(Washington, D. C ,

.

.

I'

L

1
I

I

|

|
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August 4, 1980

U. S. Nuclear Regulatory Commission
Attention: R. H. Engelken, Director

Office of Inspection and Enforcement
Region V

Suite 202, Walnut Creek Plaza
1990 North California Boulevard
Walnut Creek, California 94596

Gentlemen:

-

Subject: Docket No. 50-206
IE Bulletin 80-04, Analysis of a PWR
Hain Steam Line Break With Continued
Feedwater Addition
San Onofra Nuclear Generating Station

y Unit 1

By letter dated July 16, 1980 we advised you that we
would complete our review and provide our response to Item 2
of IE Bulletin 80-04 by August 1, 1980. The purpose of this
letter is to provide that response.

Item 2 of IE Bulletin 80-04 requested licensees to
review analysis of the reactivity increase which results ( os
a main steam line break inside or outside containment to
determine if previous analysis considered all potential water
sources and if the reactivity increase is greater than previous
analysis indicated.

In response to our request, Westinghouse reviewed
the previous analysis of core response following a main steam
line break for San Onofra Unit 1. The results of the review
showed that no main or auxiliary feedwater had been assumed
in the previous analysis. Subsequently, Westinghouse performed
a rcanalysis of this event. The cases reanalyzed were a main
sewam line break (complete severance of a pipe) outside contain-
ment at no load conditions with offsite power available, and an

h0|.

5

I O'

,

800 812.0 379~g
- _ - _ _ - . -_ _ . . _ . .. .. . - _ - _ _ -
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| Mr. R. H. Engelken -2- August 4, 1980

accidental depressurization of the main steam system associated
with the inadvertent opening of a single steam dump, relief, or
safety valve with offsite power available. These cases conserva-
tively assumed main feedwater flow addition until main feedvater
isolation on the safety injection signal and auxiliary feedwater
runout flow initiated coincident with the event. The results of
the reanalysis confirmed that the main steam line break transient
results for these cases are very insensitive to continued feed-
water addition for San Onofre Unit 1. It is expected that the
results for other no load cases previously analyzed and full load

would also becases (previously shown to be less limiting) based on Westinghouseinsensitive to continued feedwater addition
generic studies.

The first minute of the transient is dominated
entirely by the steam flow contribution to primary-secondary
heat trans:er, which is the forcing function for both the
reactivity and thermal-hydraulic transients in the core. The
effect of auxiliary feedwater is minimal. The primary side
pressure, on which the low pressurizer pressure safety injection
signal is based, decays at a slightly faster rate with the

'

addition of auxiliary feedwater. This accelerates the safety

| injection signal actuation (< .5 second sooner) as well as
allowing a slightly greater asfety injection flowrate with thei

f aster pressure decay. These two effects compensate for the'

incressed cooldown rate. The overall results are, therefore,
negligibly impacted with the. addition of auxiliary feedwater,

'

flow.

The auxiliary feedwater flow becomes a dominant factor
in determining the duration and magnitude of the steam flow
transient during later stages in the transient. However, the
limiting portion of the transient occurs during the first minute,
both due to higher steam flows inherently present early in the
transient and due to the introduction of boron to the core via
the safety injection system.

Hence, the conclusions documented in the previously
submitted main steam line break core response analysis for San
Onofre Unit I remain valid and applicable.

If you have any questions or desire further information,
please contact me.

Very uly yours,

&n
H. L. Ottoso
Hanager of Nuclear Operations

e n and Enforcement
(Washington, D. C.)

.. _ . .

' " ' ' '
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Southern California Edison Company 3 55
~

P O SOX 800

2 244 W ALNUT GROVE AVENy t

ROSEMEAC CALIFORNI A 91770

K.P SASKIN * t ta.=o a

October 6 , 1980 m , u ..n
cge.. e g ,se a.......o,

,

Director, Office of Nuclear Reactor Regulation
Attention: D. M. Crutchfield, Chief

Operating Reactors Branch No. 5
Division of Licensing

U. S. Nuclear Regulatory Comission
washington, D.C. 20555

Gentlemen:

Subject: Docket No. 50-206
Automatic Initiation of Auxiliary Feedwater System
San Onofre Nuclear Generating Station

.

Unit 1

References: (1) D. G. Eisenhut letter to J. H. Drake cated Novemcer 15, 1979.
(2) D. L. Ziemann letter to J. H. Orake catec Decemoer 21, 1979.
(3) K. P. Easkin letter to 0. G. Eisenhut cated January 16, 1980.
(4) K. P. Easkin letter to D. L. Ziemann cated April 29, 198C.
(5) IE Bulletin No. 8C-04 dated February 8, 1980.
(6) H. L. Ottoson letter to R. H. Engelken cated May 19, 1980.
(7) J. G. Haynes letter to 0. M. Crutchfielc catec August 8,198C.

Enclosure 2 of Reference (1) proviced an NRC staff request for information
regarcing the auxiliary feecwater system (AFWS) flow requirements at San Onofre
Unit 1. Reference (2) provides an NRC staff recuest for information regarcing
the applic' ability of current analyses of a main steam line break or main
feecwater line break assuming early initiation of auxiliary feedwater flow. In
Reference (3) it was incicated that in orcer to supply the recuestec
information, a complete re-analysis of the applicable transients and accicents
woulc have to be performed and it was estimated that the information coulc ce
submitted by October 1, 1980. This same schecule was reiterated in
Reference (4), and it was incicated that the cesign details for the automation
of the AFWS would be submittec for NRC staff review by October 15, 1980.

Reference (5) was a request frcm the NRC Office of Inspection anc
Enforcement for information similar to that requested by Reference (2). In
Reference (6) it was incicated that the information recuestec in Reference (5)
would be suppliec by October 1,1980 in conjunction with our submittal to the
NRC staff of the results of the main steam line break re-analysis.

}ool
>
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D. M. Crutchfielc, Chief -2- October 6, 1980

In Reference (7), the NRC staff was proviced with information regarcing
the impact of the failure of the salt water cooling system on the cesign basis
loss of coolant accioent and the main steam line break accident. Included in
Reference (7) was a committment to acvise the NRC staff if the above Ciscussec
re-analyses, cue October 1,1980, woulc impact the information suppliec in
Reference (7).

The purpose of this letter is to reschedule the cate for submittal of the
above discussec information which was to be supplied by October 1,1980. A
celay has resultec cue to the repair work which is being cone on the steam
generators at San Onofre Unit 1. As a part of the analytical effort
associated with the steam generatoI repairs, it was cetermineo that the Reloac
Safety Evaluation for Cycle 8 would be impacted and it was necessary to
perform re-analyses of the affectec events. Therefore, it is expected that
the requested information can be submittec by Decemcer 1, 1980. The ces13
cetails for the automated auxiliary feecwater system will be proviced by
October 15, 1980 as incicated in Reference (4).

If you have any cuestions or desire accitional informatien, please
. contact me.

Very truly yours,

WLL
cc: R. H. Engelken (NRC Office of Inspection and Enforcement, Region V)

Division of Reactor Operations Inspection (NRC Office of Inspection anc
Enforcement, Washington, O.C.)-

.
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October 6, 1980

WL. D. K. ELSON

SLtL2CT: Accitional 1HI Inforswtion Acouirements
San Onofre Nuclear Generating Station
Unit i

lhe MC staf f has requesteo several items of information regarcirs the
socifications unich heve resulted from the TMI Lessons Learneo reouirements.
As previuualy ciscussed with D. F. Martin by phone, the assistance of tra
Engineering Uisciplines is reeded in cruer to respond to the NAC Dy tre
cuneitted cate. Em.n of tre tnrce items of information is ciscussac celow.

AUXILIMY FEEDwATER SYSTEM DESIGN DETAILS

by letter catec April 29, 1900, it was incicated that the assip cetails of
the automatically initiated auxiliary fusaweter systes (AFWS), to be insta11ec
in Jarasary,1981, would te proviosc to the MC staff oy Oct@r 15, b60.
These design cetails shoul0 ircluos the latest drawings (CCMs incluced) and a
runtional oescription of tre system.

,

1

Please provice the requested information by Octocer 10, 1960 to support
sa.cmittal to the MC Dy Octocar 15, 1560.

REACTCR rrn ANT SYSTEM WNTING OESIGN DETAILS

Ey letter cated May 22, 1960 it was incicated that the desir details of the
,

|
renctor ccolant fystem vents would be provicec to tne MC staff ty October 1,

; 1980. The N5C staff has been contactec and sa.emittal of this information has
txen ceferrec to Octctier 13, b80. The des 1@ omtalis shouau ine uce tne

! lutest crewings (CCN's included) and e functional description of the system.

| Please provice the requested inforestion by Octocer 10, 1960 to succurt
sa.teittal to the MC by October 15, 1960.

ALX1LIARY FEEDsATER SYSTEM FLOE SALYSIS

The letter from R. H. Verteck catec Septancer 12, 1960 provideo flow
j cap.cilities of the autum ted Auxiliary Feec.et.er System (AfoS) tt ce
|

installeo in January, 1901 uncer concitions of loss of mein feecwter (intact
; system). In creer for westingrouse to conclete enelysis to mest E
i inforation requests, we rwed to provior AFWS flow cepsollities oncer
i concita:.gis of main s :soline brew (MSLf-) or aman feccline creA McS).

Accorcingly, we have icentified the following accitioral f4'% ficw analysis:
|

|
-

|
_ _ _ - - - . - - - . , . . _ - - . - _ - _ _ _ _ _ _ . . .. ----
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_;_ Oct. 6, 1980

1. Late 1 - M5LB cutsice contair' ment. Determine total flow tc SG's
anuming rroter-criven 6ux111ary fecc ater p.ep feecing ? L's
thrcuj 4 FCV's at 0 psig SG pressure.

2. Case 2 - K:Lu insice ccotaircent. Decemine total ric= to 3 $G's
through 4 FCV's at SO psig % pressure fcr:

a. ector-oriven pump only
t. steara-criven oung only
c. buth pumps ccerating.

3. Case 3 - WL6 cutsice containment. Determine total facw to %'s
assur.ing motor-criven auxiliary feec= ster pupp feecing 2 SG's at O
osig $G pressure anc 1 aueillary feec=ater line s;:liling to
atmostrere at O psig assuming the 4 FCv's remain fully cpen. Fepeat
assuming auxiliary feccwater is isolatc0 frce tne break (or,eIstor
action to close 2 FCV's in spilling auxiliary feec= ster line).

To to consistent with tte P40 committec submittal cate (Lecew;er 1,1%C) and
- westinghcose netc cates, please provice the information by October 15, 1960.

If you Nye any questions or desire accitional informatico, please contact me.

fb%
W. C. -,

RC/WCF:wpo .

cc: D. F. Martin
A. J. Brougn

,

gf E. J. Donovan /w. G. Flournoy
R. w. Krieger/R. Ornelas
u. D. W ncriker
A. T . K.wysko-

R. n. Veibeck
k. M. Evans
NE, Files

.

- _ . _ _ _ _ _
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iiSouthern California Edison Company
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P O BOX 000

2 2 44 W ALNUT GRCVE AVENUE

RCSEMEAD C ALIFC RNI A 91770
K. P. S ASKIN 'Este-o%s

wa ha s t a c'. .= vc 6 t a n s %s.% s s a '%G
< r: 3, t ra a se t

s... . .~ o . .c e ~ s = * October 16, 1980

Director, Office of Nuclear Reactor Regulation
Attention: D. M. Crutchfield, Cnief

Operating Reactors Branch #5
Division of Licensing

U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Gentlemen:

Subj ect : Docket No. 50-206
Design Detail Information

. San Onofre Nuclear Generating Station
Unit 1

By letter dated October 6, 1980 we committed to provide
the NRC staff with the design details for the automated auxiliary
feedwater system which will be installed as part of the TMI Lessons
Learned Requirements. .By letter dated October 9, 1980 we committed
to provide the design details for the reactor coolant system vents,
also to be installed as part of TMI Lessons Learned Requirements.
Accordingly, the required information is provided in Enclosures 1
and 2.

It should be noted that the information provided in this
submittal supersedes the information provided in our letter dated
June 10, 1980.

If you have any questions or desire additional information
please contact me.

Very truly yours,

d

@i[*'Enclosures

'see
_SO40ccTJ359r

- __ _ . . - __ ._ ..
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ENCLOSURE 1
AFnS DESIGN DETAILS

SAN ONOFRE UNIT 1

I. Introducticn

The Auxiliary Feeowater System (AFWS) will be mocified tc achieve
automatic initiation of both the turbine and motor criven pumps, remote
ficw centrol capability anc recuncant pump cischarge trains. Tne
proposec system is shown on enclosed drawing SK-10-14-80.

II. System Description

The steam criven pump (G-10) will be providea with all automatically
operatec valves required to start the turbine. A pneumatically operatec
on-off valve (CV 3201) will be insta11ec cownstream of existing pressure
2ecucing valve (CV 113), in line 69-3-EG. The existing manual valve will
be retainec. Isolaticn valves are proviced to allcw maintenance on tre
pneumatic valve. A orificec continuous crain anc an intermittent crain
cont cliec ey a solenoid valve (SV 3211) are provicea upstream of,

CV 3201. An orificec bypass contro11ec by solenoic valve SV 3200 or a
manual valve is provicec for turoine warm-uc. The turbine crains are
orificec continuous crains and are rcuted cown to a sump. In parallel
with these crains solencic valves (SV 32C2, SV 3203, anc SV 32CA) are
provicea in lines rcutec cut of the turoine building. This arrr.1gement
allcws hign rate craining curing turbine warm-up anc also pr.uces a
turbine crain system without water pcckets.

,

A purp cccling water sucply is contrcilec by solencia valve SV 3205. At
the suction of pump G-10, a fire water cennection for' back-up ccoling
water is proviced.

On the,(MOV 1202) will be installed.cischarge of motor criven pung G-105, a mater operatec cischargevalve On the discharge of the turcine
criven pump G-10, a pneumatically ocerated valve (CV 3203) will be
insta11ec. Pump G-10S also has a motor operatec valve (MOV 1204)
cisenarging to the main feeawater line downstream of feecwater heater
E-62. Incivicual discharge lines 397A-4"-EG and 381A-4"-EG are proviceo
frem the pumps to the control valve manifolc. At the control valve
manifold each cischarge line splits into three lines. Each of the six
lines is provicec witn an isolation valve arc a check valve. The six
lines are then recomoinec into three lines 381A-3"-EG, 3818-3"-EG, anc
381C-3"-EG so tnat ccth pumps are capable of previcing ficw to eacn steam
generator. Each of the three lines has a flow element (FE 3453, FE 3454,
anc FE 3u55) to provice flow incication in tne centrol rocm. Four
remotely cperated control valves (FCV 3300, FCV 3301, FCV 2300, and FCV
23C1) are provicec in the tnree lires. The valves are arrangec so that
lined 381A-3"-EG anc 381C-3"-EG each have ene valve, and that line
381E-3"-EG has two valves.

!

.
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Ocwnstream of the control valves, check valves and isolation valves are
provicec in eacn line. The lines are then cennectea to the three main
feecwater lines.

The system cesign ana materials will meet the original system cesign
specificatiens and coce.

III. System Cceraticn

H. Automatic Initiation Logic

The AFAS has the capability to be initiatec automatically or remote
manually from the Main Control Room (MCR). Local manual control
capability of tne system is retained. Automatic initiation is basec
on a low steam generator level signal processed from the newly
installea level transmitters associatec with each of the steam
generators.

In order tc aveio any spuricus ard unwanted actuatiens, the
' automatic initiatien legic will be basec cn a two out of three (2/3)

icw level signal logic. Remote manual initiation is accomclishea by
manual actuaticn of a centrol switch in the NCR. Appropriate
indication anc annunciatien is previceo in the NRC when automatic cr
manual initiaticn of the AF* system occurs. In accition, remote
contrcl cacacility to operate.ccmpetents of the system frcm the SCR
are provicec.

The AFWS censists of incepercent arc recuncant pump anc valve t:Eins
provicing AFA flow to the steam generators. The automatic
initiation signals anc circuits are cesignec such that a single
failure will not result in the loss of AFWS function.

Each of the automatic initiating circuits which are powered from
station vital power sources receives incepencent signals from the
level transmitters associatec with each ct the steam generators.
The level transmitters supply signals to the logic rack installec in
the MCA area, where a low level signal and a 2/3 logic is
develepec. A control board in the NCR provides monitoring anc
manual centrol capacility'of the system. when the steam generater
low level signal througn 2/3 logic is initiatea, the operator will
be informec tnrcugh accrepriate status incication ano annunciatice
in the MCR. However no operator acticn is required to initiate flow
sirce the system is automatically initiatec. AFW flow to each c'
the steam generators is controlled remote manually by throttling the
AFw flew centrol valves. Apprcpriate annurciation is proviced
alerting the operator that the system has been automatically
initiatec anc trat flew to the steam generaters shoulc be tnrett.'.ec
by the operator. The logic is desigred such that once the automatic
signal is initiatec, actuation will eccur anc the system will remain
in.the actuatien mode until the system is reset when the steam

.
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generators achieve normal level. In case the automatic system
fails, a system level manual initiation will achieve the same
function. This system level manual and automatic initiation
capability is indepencent of incivicual component control capability
from the MCR.

B. Motor Driven Pump

The motor criven pump G1CS and mctor cperatea coitrol valve MOV-1202
are oesignec to operate automatically upon receipt of the autcmatic
initiation signal. When the system is in the auto moce, upon
receipt of the auxiliary feecwater acutation signal, the pump will
start autcmatically and open the cischarge control valve MOV-12C2.
This introcuces the auxiliary feedwater flow into the steam
generators tnrough the pre-positionec flew centrol valves without
any operator intervention. The pump anc the discharge valves are
powered frem the emergency buses anc are part of simultanecus or
sequential loscing uncer postulated conditions. Under a loss of
power (LOP) condition, the pumo will trip anc the valve will fail as

, is. Upon resumption of power, the pump will automatically start
af t'er a 20-secccc time celay if tre cemano is present. The valve
will remain in its last position and thus, ficw will resume as the
pump builcs speed. Uncer the cencition SIS occurs simultaneously
with LCP, the 20-secena time celay provices sequential 1cacing of
the puco cn the emergency cuses.

If manual centrcl is recuired, the operater can select the manual
operating mcce from tne auxiliary feec.ater panel. In this moce,
the system will remain cperating without change. However, the
operator can start or stop the pump anc/or open or close the NOV
1202 manually.

The pump is provicea with a pump suction pressure senscr to trip the
p' mp in the event of low suction pressure. The pump is tripped whenu
in the automatic moce anc a low suction pressure signal is present
for longer than 20 seconcs.

C. Steam Driven Pump

The steam criven pump G10, turbine contrcl valves, anc pump
cischarge control valves CV-3213 are cesignec to coerate
automatically en cemanc of the auxiliary feecwater initiation
signal. When the system is in the auto moce ana in receipt of the
auxiliary feecwater actuation signal, the follcwing events will
cccur:

The lute oil cccler water supply valve is cpenec to provice-

cooling water to the pump, simultaneously;

.
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The main steam crain valves are opened for ten seconds to drain-

the concensate cut of the main steam line. After the line has
had ten seconds to drain, the valves are automatically closec,
then;

The main steam bypass valve (mounted in parallel with the main-

steam 991ve) is cpened to preheat the turbine. After a
sufficient preheat period, the main steam valve is operec at a
controlleu rate.

Cnce the mair: steam valve is openec, the crain valves on the-

turbine steam .: hest are closec anc the steam turbine is
operated at full pcwer uncer governor control. Positive
position incication is proviced on all valves to provice valve
position en the auxiliary feecwater centrol panel in the main
control rocm. A position switch is also provided at the steam
speec gcverncr centrol station. This switch will alert the
operator in the event that the turbine has tripped on overspeec.

- - After the main steam valve is fully ccenec, tne pump cischarge
valve CV 3213 is openeo. This will start the auxiliary
feecwater flow to the steam generatcr thrcugh the prepositierec
flow control valves.

For the tureire oriven pump train the cperator can select tre
manual operating mece from the auxiliary feedwater panel. In
this mcce, tre system will remain cperating witn nc cnange
until the ccerator takes celiberate acticn. Once the system
has been placec in the manual mcce, the operator can start or
stop the pump in an automatic time sequence or he can
manipulate any of the seven valves manually. The pump is
provided with a pump suction pressure sensor to trip the pump
in the event of low suction pressure. The pump is trippec when
in the automatic mcde and a low suction pressure signal is
present for longer than 20 seconds.

Accitional manual backup is provideo locally at the pump. All
valves have been provicec with manual override or separate
manual bypass valves.

The operation of the steam criven pump anc associatec valve
train is indepencent of offsite or onsite AC power.

.
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IV. Flow Indication anc Control

Flow inaication anc centrol is incluceo en the auxiliary feedwater panel
to provide the operator process feedback information for aianual cperation
of the four (4) remote manual centrol valves. Two parallel ficw
transmitters are connected to a single orifice plate for flow
measurements. Each of the three headers is provicec with ficw incication
to the steam generators upstream of the flow control valves. This allows
the operator to monitor anc control the flow to each of the steam
generators over a flow range of 30-300 gpm. This flow indication is
previcea with a backup from steam generator level inaication (also en the
auxiliary feedwater panel). For train separation, all three flow
incicators are on ene flow train ano level incicators are placec on the '

reduncant train. Thus, in the event that a single train is lost, the
status of the stehm generators will De provicec to the operator on the
auxiliary feeawater panel in the nain control room area.

The four (4) auxiliary feedwater flow centrol valves are civicea into two
redundant trains, thus with a single failure in one train, the otner
train will centrol the remaining two ficw central valves. This allcws-

flew to continue to at least one of the three steam generators. In
accition, the valves can be operatec locally (anc local steam generatcr
level incication is provided).

V. Alarm Locic

Alarms fcr bcth trains are providea on the auxiliary fcecwater panel to
alert the operatcrs if any conponents are not in their preset ready
position. Acciticnal olarms are provicec for tne positive cesition,

indication of four auxiliary feedwater control valves. If the valves are
not in their preset cosition prior to automatic initiatien, annunciatien
in the main control room will warn the operator of this condition.

VI. Periccic Testing

The automatic system is cesigned with cn line testing capatility. In
orcer to avoid unnecessary component operation curing periodic testing,
tne operator is atle to test the initiation logic without actuating the
pump or valves by neans of the auto / manual control switches on the
auxiliary feecwater panel. whenever the system is cisaolec even for
testing, annunciation is provided to incicate that the system is not in
automatic initiatien moce. If, hcwever, curing the testing snase, the
automatic system is initiated from real process conditions, the operater
will receive an alarm. He can either place the system oack to the
automatic moce or he can start the system in the manual mode. Flow
incicators anc steam generator level incicators can be testec ey-
previoing simulatec signals through the test equipment with the final
crive elements cisaelec. -
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ENCLOSURE 2
RCS VENTING SYSTEM DESIGN DETAILS

SAN GNOFRE UNIT 1

I. Introcuction

The Reacter Coolant System Vents (RCSV) are cesignec to vent
nonconcensible gases from the reactor head, hot legs A and B, anc the
pressurizer. The proposec system is shown on enclosec crawing SK-7-15-80.

II. System Description

The reactor vessel heac is proviced with reduncant sets of vent and blcck
valve comoinations. The configuration consists of two parallel bicek
valves (SV 2401 anc SV 3402) in series with two parallel vent valves (SV
2401 and SV 3401). The pressurizer venting system similarly consists of
two parallel olock valves (SV 24C4 anc SV 3404) in series with two
parallel vent valves (SV 2403 and SV 3403). This arrangement provides
cirecticn of ventec gases from the reactor heac anc the pressurizer
either to the pressurizer relief tank or cirectly to the containment.-

All the valves are solonoic cperatec witn positive position incicatico
provicec in the main control rocm (MCR). Althcugh not recuirec per the
lessens learneo recuirements, eacn ventirg 1ccatica is previcec witn
recuncant valves to assure venting when cesirec as well as to avcia
uncesirec possibility of a valve ceing stuck cpen.

Each set of block and vent valves is pcwerec from recuncant emergency
power tuses (vital A.C.). The reacter hean venting system valves SV 2cC2
anc SV 34C2 and pressurizer venting valves SV 2404 and SV 34C4 are
pcwerec from vital AC derivec frcm DC cus 1, whereas valves SV 2401 anc
SV 3401 associatec with the reactor heac venting anc valves SV 24C4 anc
SV 3404 associated with the pressurizer venting are powerec frem vital AC
cerived from DC bus 2. This powering arrangement will always assure
opening and closing of the vent lines when cesirec.

The valves are cualifiec to the latest regulatory and industry stancards
recuirements and their qualificatien is en file.

As recuired by NUREG-0578, as clarifiec, leakage cetection must be
sufficient tc icentify the leakage threugn the vent system. Since the
system cesign includes positive position indication for each vent valve
anc the leakage path is eitner to other cicsea systems or cirectly to the
containment, leakage through the vent systems can be icentified as
cescribec in Section 3.1.4 of the San Onofre Unit 1 Tecnnical
Specificaticns.

.
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III. System Cperation

The RCSV is cesignec to limit flow to less than 90 gpm. This cesign
allows the venting of approximately 42,000 SCFH. This is the amount of
H2 procuCeo curing the first 48 hours following an accicent, assuming
17% core metal-water reaction per Westinghouse report WCAP-9636.

To eliminate inadvertent cperation, the system cesign recuires that the
ccerator first energize the valve train then separately open each vent
ano block valve. Thus three separate cperations are reauirec to
accomplish venting. The operator also has a choice of oirecting the
venteo gases either to the pressurizer relief tank or cirectly to
containment. The use of the pressurizer relief tank allows the operator
to test the system or make small releases without venting coolant
directly to containment. Aoditionally, since the tank has a rupture disk
set at 7 psi, this reute can also be usec to vent to centainment snculo
the other block valve fail. The vent path to centainment includes a 10"
clameter flash pct to separate licuic anc vaper.

.
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Director, Office of Nuclear Reactor Regulation
Attention: D. M. Crutchfield, Chief

Operating Reactors Branch No. 5
Division of Licensing

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:
'

Subject: Docket No. 50-206
NRC Requested Information
San Onofre Nuclear Generating Station
Unit 1

By letter dated October 6, 1980 it was indicated that
the NRC staff would be provided by December 1, 1980 with the
results of the analysis of the impact of automating the Auxiliary
Feedwater System (AFWS) on the existing safety analysis for San
Onofre Unit 1. Since the analytical effort required to develop
the necessary information is quite extensive, additional time will
be required to complete the evaluation. It is estimated that the
information will be submitted by February 1, 1981.

By letter dated October 9, 1980 it was indicated that
the NRC staff would be provided by December 1, 1980 with additional
information regarding the Main Steam Line Piping Integrity
Evaluation. We have been informed by Westinghouse that the
evaluation would not be available in time to support the previously
indicated date. It is estimated that the information will be
submitted by January 15, 1981.

The above described schedule changes have been previously
discussed with members of your staff. If you have any questions or
desire additional information, please contact me.

Very truly yours,

k Jo /3 A : b|'
If0
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"' '".'.', U .'"1.| ' " ' U|.'. ' ' ' '' December 5,1980

Director, Office of Nuclear Reactor Regulation
Attention: D. M. Crutchfield, Chief

Operating Reactors Branch No. 5
Division of Licensing

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:
'

Subject: Docket No. 50-206
NRC Requested Information
San Onofre Nuclear Generating Station
Unit 1

By letter dated October 6, 1980 it was indicated that
the NRC staff would be provided by December 1, 1980 with the
results of the analysis of the impact of automating the Auxiliary
Feedwater System (AFWS) on the existing safety analysis for San
Onofre Unit 1. Since the analytical effort required to develop
the necessary information is quite extensive, additional time will
be required to complete the evaluation. It is estimated that the
information will be submitted by February 1, 1981.

,

By letter dated October 9, 1980 it was indicated that
the NRC staff would be provided by December 1, 1980 with additional
information regarding the Main Steam Line Piping Incegrity
Evaluation. We have been informed by Westinghouse that the
evaluation would not be available in time to support the previously
indicated date. It is estimated that the information will be
submitted by January 15, 1981.

The above described schedule changes have been previously
discussed with members of your staff. If you have any questions or
desire additional information, please contact me.

Very truly yours,

& n 4'
Ifo

: =ua y,;, - p
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Director, Office of Nuclear Reactor Regulation
Attention: D. M. Crutchfield, Chief

Operating Reactors Branch No. 5 -

Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:

Subject: Docket No. 50-206 .

Clarification of TMI Action Plan Requirements
San Onofre Nuclear Generating Station-

Unit 1

Your letter dated October 31, 1980, forwarded NUREG-0737 containing
[ all TMI-related items approved for implementation by the Commission at that

.

N time. You requested that we provide confirmation that the implementation
dates for all approved TMI-related items contained in NUREG-0737 will be met,
or propose revised dates with justification for delay ano planned compensating
safety actions during the interim. By letter dated December 23, 1980, we
advised you that a response to your October 31, 1980 letter would be submitted
'by January 5,1981.

The purpose of this letter is to advise you that we have completed
our review of NUREG-0737, as well as previous correspondence addressing
TMI-related items. Based on our review, we intend to meet the implementation
dates contained in NUREG-0737, with the following exceptions:

II.B.1 Reactor Coolant System Vents 4
II.B.2 Design Review of Plant Shielding and Environmental Qualification of

Equipment For Spaces / Systems Which May Be Used In Post Accident
Operations

II.B.3 Post Accident Sampling Capability
II.F.1 Attachment 1, Noble Gas Effluent Monitor
II.F.1, Attachment 2, Sampling and Analysis of Plant Effluents
II.F.1 Attachment 3. Containment High-Range Radiation Monitor
II.F.1, Attachment 4, Containment Pressure Monitor
II.F.1 Attachment 5 Containment Water Level Monitor.

II.F.1, Attachment 6, Containment Hydrogen Monitor

,

81011809%#1/ px
..



~ _ _ _ -.

.

.

. -

D. M. Crutchfield, Chief -2- January 5,1981

The implementation of these TMI Action Plan Requirements is targeted
for completion by July 1,1982 (II.B.1) and January 1,1982 (II.B.2, II.B.3
and II.F.1, Attachments 1 through 6) as required. However, a precise
completion date cannot be established u til the current steam generator repair
is completed and San Onofre Unit I resumes power operation. Following
completion of the steam generator repair, it is expected that operation of San
Onofre Unit I will be restricted to an appropriate interval prior to an
interim shutdown to perform an inspection to monitor the effectiveness of the
repair. The shutdown date to implement these TMI Action Plan Requirements
will be scheduled with consideration of the interim shutdown required to
perform the steam generator inspection.

-

AccurdWy, we will advise you of the precise shutdown date to
implement these TMI Action Plan Requirements prior to resumption of power
operation following completion of the steam generator repair. If the shutdown
date does not permit implementation of these TMI Action Plan Requirements by
July 1,1982 or January 1,1982, respectively, we will also advise you of any
planned compensating safety actions which will be implemented during theinterim.

' '

11.E.1.1 Auxiliary Feedwater System Evaluation

By letter dated November 15, 1979, the NRC identified short-term and
long-term recommendations to upgrade the Auxiliary Feedwater System (AFWS).f

All short-term recommendations will be completed by July 1, 1981 as required.\ ,

However, as stated in the NRC November 15, 1979 letter, the long-term
reconsnendations for improving AFWS reliability will not be fully established
until after the completion of related Systematic Evaluation Program (SEP)
review topics with regard to internally and externally generated missiles,
pipe whip and jet impingement (including main steam and main feedwater breaks
inside and outside containment), quality and seismic design requirements, and
the effects of earthquakes, tornados and floods and design basis evaluations.
Accordingly, by letter dated January 23, 1980, we deferred implementaton of
the long-term recommendations pending completion of the integrated assessment
of potential modifications identified by review of station design and
operation in connection with the above SEP topics.

The modifications to the AFWS to meet the requirements set forth in
II.E.1.2, Auxiliary Feedwater System Automatic Initiation and Flow Indication
of NUREG-0737 will be completed by July 1,1981, as stated therein. Pending
completion of the SEP and the identification of all long-term recommendations
by the NRC for improving AFWS reliability, the modifications implemented in
accordance with II.E.1.2 of NUREG-0737 will assure that the AFWS will perform
its intended function to mitigate the consequences of design basis events as
described in the safety analysis report. In addition, upon completion of the
modification to the AFWS to meet the requirements of II.E.1.? of NUREG-0737,
we will terminate the stationing of an operator to promptly initiate adequate
AFWS flow to the steam generators. The stationing of an operator was
initially directed by IE Bulletin No. 79-06A forwarded by NRC letter dated
April 14, 1979, for those facilities for which the AFWS is not automated.
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D. M. Crutchfield, Chief -3- January 5, 1981

II.E.1.2, Part 2. Auxiliary Feedwater System Flowrate Indication
;

As discussed in our October 16, 1980 letter, the flowrate indication
and control system utilizes one narrow-range steam generator level indicator.

'

in conjunction with one AFWS flowrate indicator per steam generator. The
design concep'. is to convert the wide-range indicator installed in January,
1980 as part of the controls grade automatic AFWS to the narrow-range scale..

*

The conversion is necessary to improve signal resolution and accuracy for the
automatic actuation of the AFWS.. In addition, a second, redundant
narrow-range indicator will be installed.

-

As part of the new requirement of NUREG-0737, we will qualify the
existing wide-range steam generator level indicator or replace the indicator
with a cualified indicator, if necessary. In accordance with the October 24,
1980 Order for Modification of License of San Onofre Unit 1, the qualification
will be completed by no later than June 30, 1982.

II.E.4.2 Containment Isolation Dependability

Position (5) requires that we provide and justify, the minimum
; - containment pressure that will be used to initiate containment isolations by

January 1,1981 and be in full compliance by July 1,1981. We are continuing
to review containment pressure history during normal operation and the
accuracy of the containment pressure sensor. The results of the review will+

( be used as a basis for arriving at an appropriate minimum pressure setpoint '

for initiating containment isolation. It is expected that the review will be
completed and the results submitted to the NRC by April 1,1981. Submittal by
April 1,1981 will permit the completion of any necessary corrective actions
by July 1,1981 as required by NUREG-0737.

| 1.F. Instrumentation For Detection Of Inadequate Core Cooling

% - Our March 25, 1980 letter clarified our position regarding the need
i for additional instrumentation for inadequate core cooling (i.e., reactor
[ vessel water level system). We stated that existing instrumentation, used in

conjunction with procedural guidelines and operator training, is sufficient,
and that additional instrumentation to detect inadequate core cooling is not
wa rranted. Therefore, no additional instrumentation is scheouled for,

installation by January 1, 1982, as required by NUREG-0737.

II.K.3.2 Report On Overall Safety Effect Of Power-0perated Relief Valve
i~ Isolation System

As discussed in our June 13, 1980 letter, the Westinghouse Owners
Group is in the process of developing a report (including historical valve

! failure rate data and documentation of actions taken since the TMI event to
| decrease the probability of a stack-open PORV) to address the NRC concerns.
| However, due to the time-consuming processing of data gathering, breakdown and
i evaluation, the report is scheduled for submittal to the NRC on March 1,1981
( rather than by January 1,1981 as required by NUREG-0737. The report will be

used to support a decision on the necessity of incorporating an automatic PORV
Isolation System as specified in II.K.3.1 of NUREG-0737

- - - - - _ - .. . - - - . . . . - _ . -- - - - - ,
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D. M. Crutchfield, Chief -4- January 5, 1981

II.K.3.5 Automatic Trip Of Reactor Coolant Pumps During Loss-Of-Coolant
Accident

As discussed in our June 13, 1980 letter, we have installed the
automatic RCP trip design, except the final electrical connection. The
details of the automatic RCP trip design were provided as part of our
August 29, 1979 response to IE Bulletin No. 79-06C concerning this subject.
We concluded that automatic RCP trip coincident with safety injection
initiation is appropriate for San Onofre Unit 1 to provide assurance that the
peak clad temperatures following all LOCA and non-LOCA transients remain
within acceptable limits. -

As directed by letter dated October 3,1979 from the Office of
Inspection and Enforcement, Region V, we have not made the final electrical
connection of the design change pending review and approval by the Office of
Nuclear Reactor Regulation. Following review and approval of the design
change by the Office of Nuclear Reactor Regulation, we will make the final
electrical connection and place the systems in service.

~ /11.K.3.17 Report On Outages Of Emergency Core-Cooling Systems Licensee Reportand Proposed Technical Specification Changes

As discussed in our June 13, 1980 letter, station operating,,

/ maintenance and test records for the emergency core cooling systems for the
\ last five years are currently being reviewed to determine (1) outage dates and ,

duration of outages, (2) cause of the outage, (3) systems or components
involved in the outage, and (4) corrective action taken. Due to the
time-consuming process of data gathering, reduction and evaluation documenting
the results of our review will be submitted by April 1,1981, rather than by
January 1,1981 as required by NUREG-0737. The report will include proposed
changes, if determined to be appropriate, to improve the availability of the
emergency core cooling systems.

San Onofre Unit 1 is currently shutdown for steam generator repair
with the emergency core cooling systems not required to be operable. It is
expected that any proposed changes to the testing and maintenance prograns
determined to be appropriate to improve the availability of the emergency core
cooling systems will be implemented prior to resumption of power operation
ollowing the steam generator repair.

;III.D.3.4ControlRoomHabitabilityRequirements

A preliminary evaluation of control room habitability using thei

guidelines contained in NUREG-0737 has been completed. Additional time is
required to finalize the information contained in the evaluation and identify
any modifications shown to be necessary. It is expected that our evaluation
will be completed and the report submitted to the NRC by April 1,1981 rather'

than by January 1,1981, as required by NUREG-0737.

.



'
4

)

. .
,

D. M. Crutchfield, Chief -5- January 5,1981

As discussed in our June 13, 1980 letter, we will initiate
preliminary design and engineering efforts required to implement any
modifications shown to be necessary. However, we do not plan to initiate any
procurement or construction activities until after the Regulatory Staf f has
reviewed our evaluations and concurs with them. It is our intention to target
the modifications for completion by January 1,1983. A more precise
implementation schedule will be included with the report submitted by
April 1, 1981.

If you have any questions or desire further information concerning
our commitments discussed above, please contact me. -

Subscribed on this 5 day of ex t< , 1981.
N |
Mery truT'y yours,

SOUTHERN CALIFORNIA EDISON COMPANY

-

By h M:
K. P. Baskin
Manager of Nuclear Engineering,
Safety, and Licensing

k
s

Subscribed and Sworg to before me on#this # day of 'a m< w ,- , 1981
8' /
- e

14.A5&iu

Notary Public in and for the County
of L6s Angeles, State of California

__________________

l@_ _- AGNESCRABTREE
__ y___

I I

seran meuc c e ama i ie omer m ; iLos asecasscoum
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_____ _
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Director, Office of Nuclear Reactor Regulation
Attention: D. M. Crutchfield, Chief

.

iv

Operating Reactors Branch No. 5 f
Division of Licensing r3'

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555 c;- ;-

,

UG '. :..

| Gentlemen: ~9. , -: :.3-
N O ~'i.

| Subject: Docket No. 50-206 g m J'
.

Main Steam Line Piping Integrity Evaluation u
t San Onofre Nuclear Generating Station
; Unit 1
I
i By letter dated October 9,1980, it was committed that the NRC staff

would be provided by January 15, 1981 with the final results of the Main Steam .
Line Integrity Evaluation to complete the review of this subject which was
initiated during a meeting with the Regulatory staff held on May 13, 1980, and
documented in our letter dated June 10, 1980. Accordingly, two Westinghouse

i reports are enclosed: (1) WCAP-9832, " Mechanistic Fracture Evaluation of San
Onofre Unit 1 Main Steam Line Pipe Containing a Postulated Through-Wall
Crack," dated November,1980, (2) WCAP-9808, " Fatigue Crack Growth Evaluation-

for San Onofre Unit 1 Main Steam Line Pipe," dated October,1980.

The objective of the analysis performed in WCAP-9832 is to examine
mechanistically whether a crack which is assumed to appear instantaneously, in
the main steam line, would become unstable and lead to a circumferential break
when subjected to the worst possible combination of plant loadings. The

i" results of the analysis indicate that the crack would be stable both globally
? and locally so that assuming the worst loading combination, the postulated

flaw will not propagate around the circumference of the pipe and cause a,

guillotine break.

The fatigue crack growth analysis presented in WCAP-9808 was
conducted as suggested by Section XI Appendix A of the ASME Boiler and
Pressure Vessel Code. The analysis procedure involves postulating an initial
circumferential flaw and predicting the growth of that flaw due to an imposed
series of stress transients. The results of the analysis indicate that growth
of the postulated flaw by fatigue is negligible.

k\

O M
._FA01-16 g

.
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! D. M. Crutchfield -2- -

January 14, 1981
!

Based on the information summarized above, in conjunction with the.

main steam line Inservice Inspection and leak detection capabilities as
described in the enclosure to our letter dated June 10, 1980, it is concluded
that there is reasonable assurance that a double-ended guillotine rupture of
the main steam line is not credible. The additional considerations associated,

with the review of the Main Steam Line Break Accident will be provided in our
submittal of the impact on the safety analysis of the automation of the
auxiliary feedwater system as required by the TMI Lessons Learned,

Requirements. The submittal will be provided to the NRC by February 1,1981,
; as indicated in our letter dated October 9,1980.

If you have any questions or desire additional information, please
contact me.

3 Very truly yours,

I I
V ~

Enclosures

.

*

I.

>
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By

S. A. Swamy

C. Y. Yang
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INTEGRITY EVALUATION OF SAN ONOFRE UNIT 1

NAIN STEMI L!i4E P!PE
* .

..

1. INTRODUCTION

1.1 Background .

Presently, the Main Steam Line Break (MSLB) evaluation of the Pressurized
Water Reactor (PWR) system is carried out by postulating non-mechanistic
circumferential (guillotine) breaks in which the pipe is assumed to rupture
along the full circisnference of the pipe. This can result in overly conserva-
tive steam pressure loading in the containc.ent. It is, therefore, highly de-
strable to be realistic in the postulation of main steam line breaks. Pre-

j sented in this report is the result of an anlaytical study carried out toward

|
establishing that a non-mechanistic type break will not occur within the main
steam line and, therefore, possibility of containment structure overpressuriza-

;
*

! tion will be precluded.
I
.

1.2 Scope and Obiective

The general purpose of this investigation is to show that a circumferential
flaw which is larger than any flaw that would be present in the main steam

,

line is stable under the worst combination of plant loadings. The fracture
criteria proposed for the analysis will examine the local and global stability.
The global analysis is carried out by performing a static elastic-plastic-

finite element analysis of a straight piece of the main steam line pipe con-
taining a circunferential flaw and subjected to internal pr and ex-

- ternal loading. ADINA (1-1) computer code is used for the - . ._ elenent

!
analysis. The elastic-plastic finite element analysis results are used to ob-
tain an estimate for the J integral, which is required for the local stability
evaluatien. .

1,

|

l-1
1
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2. IN!TIAL, FLAW

It is well known that initial flaw * geometry is one of the three pieces of funds-
; mental data needed for a fracture mechantes evaluation of a given component. The

other two data are stress field and material properties. Conceivably, the
initial flaw geometry to be assumed in a fracture mechantes evaluation of

'a component would depend on several factors, namely, fabrication, examination

testing and inspection, One of the rational means of estabitshing an -

initial flaw geometry is from the knowledge of the probability of missing
(or detecting) a given size flaw.

Figure 2-1 shows schematically how one would find an initial flaw size,
given the probability of missing (or detection of) a given size flaw. The
probability of missing a very small flaw will be nearly unity whereas the. .

f probability of missing a through-wall flaw will be nearly zero. Contrarily
the probability of detection of a very small flaw and a through well flaw
would be nearly zero and unity, respectively. However, no data quantifying
these probabilities is yet available for main steam line pfptng.

Although examination and inhtfon experiences do not'tell us anything 3

about the size of flaws that have been missed, these experiences do
! provide some qualitative ideas about the sizes. The ASME Boiler and Pressure

f Yessel Code (8PVC) Section XI (2-1) speciffes that flaws longer than 1/4
I inch and deeper than 9 percent of the pipe wall shall be repaired during

preservice examination. Sta11arly, during inservice inspection. Section XI
requires that flaws longer than 0.55 inch and deeper than 11 percent of the
pipe wall shall be repaired.

It has been shown in reference 2-2 that if one asstanes that the largest initial
crack is a samtalliptical flaw of length 2-1/4 inch and 3/8 inch depth, the

, growth of the crack will be very small for the 40 year design life of the
plant.

In this analysis a through wall circumferential flaw of 10 inch length is
used conservatively (Figure 2.2).

* Flaw and crack are used interchangeably add mean the same in fracture
mechantes evaluation.

2-1 ;
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.
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3. MATERIAt. PROPERTIES

The itSt. pipe is rade of SAIC6 Gr 8 carbon steel material and the size is
24 inch schedule 60. The material properties of SA106 Grade B were ob-

.

tained from ASME Section III (3-1). Table 3-1 lists thos'e properties.
In order to perfonn the elastic plastic analysis a bilinear stress strain
curve as shown in Figure 3-1 was used. (3-1, 3-2).
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TABLE 3-1
_

MATERIAL FROPERTIES g

' =,
7 i

|

Property (500'F). Material SA1068 ,

M
~i E

6 jYoung's Modulus (psi) 26.4 x 10
'a,

,

}
s

: .

-1

{ iii
'

Poisson's Ratio 0.3
=

.

.

I

! Yield Point (psi) 28300 j
"

,

.

4
, -

,
--

-

6
Strain hardening 0.268 x 10 j
Modulus (psi). 2
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4.1 General Considerations

t.inear elastic fracture mechanics has been accepted as a basis for establishing
the fracture capacity of structures made of high-strength low-toughness materials.
Active research is being carried on in industry, universities as well as other
research organizations to establish fracture criteria for ductile materials.
Criteria, being investigated, include those based on J integ~ral initiation
toughness, equivalent energy. crack opening displacement, crack opening stretch,
crack opening angle, net-section yield, tearing modulus and void nucleation.

,

Several of these criteria are discussed in a recent ASTM publication [4-1].
.

f

A practical approach based on the ability to obtain material properties and
to' make calculations using the available tools, was used in selecting the'

I criteria for this investigation. 'The ultimate objective is to show that the
secondary pipe containing a conservatively assumed circumferential through-wall
flaw is stable under the worst combination of postulated and operating condi-

,

tion loads within acceptable engineering accuracy. ilith this viewpoint, two
mechanisms of failure, nacely, local and global failure mechanisms should be

I considered.
i

| 4.2 Global' Failure Mechanism

! For a tough ductile material if one assumes that the material is notch insen-
1 sitive, then the global failure will be governed by plastic load. Extensive

literature is~ available on this subject. The recent PVRC study [4-2]. in-

critically reviewing the literature as well as data from several hundred
tests on pressure vessel heat's, nozzles, pipes, elbows and tees, discusses

| the details of analytical methods, assumptions and methods of correlating
experiments and analysis.

A schematic description of the plastic behavior and the definition of plastic
load is shown in Figure 4.1. For a given geometry and loading, the plastic
1 cad is defined to be the peak load reached in a generalized load versus

displacement plot and corresponds to the point of instability.

I

|
\

l
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A sfq1tried versten of this criterton, nar:cly, net section yield criter'-- ***

has been successfully used in the prediction of the load carrying capactty
of pipes containing gross size through-wall flaws [4-2] and was found to
correlate well with experiment. This criterfon can be summarized by the fol-
lowing relationship:

-

Wa < Wp (4-1)
where Wa = applied generalized load

Wp = calculated generalized plastic load
.

.!n this report. Vp will be obtained by an elastic-plastic finite element analy.
,

sis of the pfpe containing a given size flaw. Forapfpewithhighfratio
;

: and ductile matarial, the global failure will be the governtng r.achantsm of
. failure (4-2). For the size of inttial flaw proposed in section 2. it is

expected that the global plastic load will give a more realistic estimate
! of the ultimate strength than that provided by the local criteria (f.e. J

! integral)basedloads.

4.3 Local Failure Mechantsm

The local mechanism of failure is primarily dominated by the crack tip behavior
in terms of crack-tip blunting, inttf ation. extension and finally crack instabfif ty
Depending on the material properties and geometry of the pfpe, flaw size, shape

j and loading, the local failure mechantsus may or may not govern the ultimate
failure.,

i
' ~

The stability will be assumed if the crack does not inttf ate at all. It has
been accepted that the initiation toughness, measured in terms of J fran eIN
J-integral resistance curve is a material parameter defining the crack inttf a-
tion. If, for a given load, the calculated J-integral value is shown to
be less than J of the material, then the crack will not initiate.gy

4-2.
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If the initt:tten criterica is not ret, one can calculate the tearing modu- j
I,

lus as deffned by the fo11cting relatten.

dJ E (4-2)y . Ia elapp'

f

where T,,,e applied tearing modulus

E = modulus of elasticity
~

of = flow stress = (e +e,)/2j,

a e crack length

e .e, = yield and ultimate strer.gth of the material,
j,

!respectively.
i

!
( '

) In summary, the local crack stability will be estabitshed by the two step

I criteria:
!

J<J (4-3)
j gg

(4-4)T,pp < T ,,g. J a JIN

i .
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| 5.1 Static Analysis of Precracked Pipe

The objective of the finite element analysis is tc compute the response to
applied load on the main steam line pipe. The geometry of the pipe and the

loadings are shown in Figure 5-1. The loadings consist of internal pres-

sure, external bending moment and axial force due to internal pressure

acting on the closed and of the pipe. ,'

A circum-The length of the main steam Itne was chosen to be 187 inches.
-

forential through wall 10 inches long crack was postulated and used in
.

}
the model. Taking advantage of the symmetry, one quarter of the pipe us'

modeled. Three dimensional variable node isoperametric shell elements
,

were used to model the pf'pe. Elements were defined by the afd surface

node specification. Eight node elements were specified in the vicinty

.

of the crack and four node elements were used away from the crack.
I Five node (mixed) elements were used for transition. Figure 5-2 shows

the finite element model used in the analysis. Figure 5-3 shows the area
in the vicinity of the crack,

The material representing the model pipe was assumed to obey von Mises'
3j

yield condition and isotropic hardening law. Values of 26.4 x 10 kst,

f
2.68 x 10 ksi and 28.3 ksi were used, respectively, for elastic modulus,2

strain hardening modulus and yield strength.

In performing the elastic-plastic finite element analyses the steen pres-
.

.sure of 710 psia [5y and the assocf"a'ted axial loads were applied in 4 equal'

-

An external bending moment of.10580 in-ktps was then superimposedsteps.
in 7 equal steps while the pressure was maintained constant. The stiffness
was reformulated at every 3rd loading step.

The maximum external moment load of 10580 in-kips used in ADINA calculations
is a factor of 3.6 greater than the maximum applied moment of 2880 in-kips (5-2]
on the main steam line pipe. This applied moment includes the thermal ex-

panston moment, moment due to dead weight, design basis earthquake and
turbine valve closure. Figure 5-4 shows the variation of pipe end slope

with increasing pipe moment. It is notable that the slope of the curve
is postive at the applied load level: This shows that the cracked pipe
is stable under this leading.

5-1
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6.1 Global Criteria

The general global criterton specified in section 4-2 requires that

(4-1)
W,4 W,

where W,e applied generalized load

W, = calculated generalized plastic load.

.

For the static loading ADINA finite element elastic plastic calculations8

f show that the moment carrying capacity of the main steam line pipe containing
a 10 inch through wall circumferential flaw is at least 10580 in-kips for

.

I a given steam pressure of 710 psi,

The generalized plastic load W, is then at least 10580 in-ktps for the
r

given pressure of 710 psi. The applied generalized load W, is 2880 in-kips,

for a given pressure of 710 psi. Therefore, the critarion given by equa-'

tion 4-1 is satisfied.*

.

6.2 Local Criteria
J

f
The general local criteria specified in Section 4-3 require that

J<J (4-2)
gg

-

An estimate for the J integral can be obtained based on the following

approximate relation, using the finite element astlysis results.
.

.

J=fre(Ea,2+E,2] (6-1)l T

where 4,,a, = elastic and plastic displacement of the quarter-point node behind
the crack tip, respectively.

= distance between crack tip and the quarter-p'oint nods'
r

I 2E = E. E/1-v for plane stress and plane strain, respectively.
TE = Strain-hardening modulus.

-

A-1
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It should be noted that the above expression is strictly applicable only

to a crack in a tuo-dirtasiceal b(1tnear elastic eedius. Cne would ex-
pect that this would give reasonable esticate for 1,he b(1tnear elastic-
plastic case where unloading does not occur.

For the present case, the J-integrel value of 51 in-1b/in! , ,p9

tained corresponding to a load of 3034 in-kips using equation (6-1).

Since the maxima applied generalized load (5-2j is 2280 in-kips (<3034)
thts calculated J integral value of $1 in-lb/in can be considered as the
maximum resulting J from the applied loads.

.

The value of J for the 5A1068 is available at 425V and variesgg
between 674 in-1b/in' (6-1) and 1096 in-lb/ int (unpublishedWestinghouse

tresults). Clearly, the calculated J value of 51 in-1b/in is very samil'

Therefore, equation (4-2) is satisfied.compared to J!N.
;

$'

.

b

,

-
.
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,

7.1 Senery
. ,

i

The objective of this investteation ws to examine mechanistically, under
realistic and *yet sufficiently conservative assumptions, whether a crack
which was assumed to appear instantaneously, in the main staas line pipe

of San Onofre Unit 1 would become unstable and lead to a full circum- '

forential break when subjected to the worst possible combination of plant
loadings. The scope of this investigation included:

}
e Postulating a circumferential through-wall flaw.

! e Performing static clastic-plastic finite element analysis of the .

'

j cracked pipe using the ADINA Code.
:

i e Evaluation of global criteria based on plastic instability load.

e *btain an estimate of J integral to evalusta the local criterion.

7.2 conclusions

| Based on the analysis the following conclusions are drawn.

a A 10 inch long through wall circumferential flaw in the main steam
;

line pipe will be stable globally and locally.

-

e Under the worst combination of loadings including the effects of

design basis earthquake, thermal expansion, dead weight and turbine valve
closure, a realistically postulated flaw will not propagate around the
circumference and cause a guillotine break.

,
-

i
e

. e
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ABSTRACT

A fatigue crack growth evaluation for the San Onofre Unit 1 main steam line pipe
is presented in this report. The analysis is based on postulated initial-

flaws of 0.125. 0.250 and 0.375 inch depths. The postulated flaws are oriented

| in the circumferential direction. The fatigue crack growth analysis has
been conducted in the same manner as suggested by Section XI. Appendix A

of the ASME Boiler and Pressure Vessel Code.
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SECTION 1

INTRODUCTION

The linear elastic fracture mechanics approach to the design against |
'failure is basically a stress intensity factor consideration in which

criteria are established for fracture instability in the presence of a
crack-like flaw. Consequently, a basic assumption in employing the
fracture mechanics technology is that a crack or crack-like defect
(either due to postulation or defective manufacture) exists in the

i structure being evaluated. By using the stress intensity factor, K ,g
' all pertinent variables (flaw size, structural geometry and nominal
I stress)canbecondensedintooneparameter.

A necessary ingredient in the concept of fracture mechanics is know-
ledge of the present crack size. A fatigue crack growth evaluation will
determine the growth of a flaw (either postulated or discovered during
an in-service inspection) through end of life from the initial state.
This growth is a result of variations in the crack tip stress field due

,

to coolant pressure and temperature changes during transients. The pro-
cedure for such a fatigue analysis involves finding the crack growth during
each transient and adding this growth to the initial crack size.

'
,
t

! This report presents the fatigue crack growth evaluation of the main steam
' line for San Onofre Unit 1. and the analysis results will be used in the

, ,

mechanistic pipe break study of the main steam line with a postulated cir-
: cumferential flaw. Since a circianferential flaw represents the most severe

j j flaw orientation for the pipe break analysis, only circumferential flaws are
' ' considered in this fatigue crack growth evaluation.-

The fatigue crack growth analyses presented herein were conducted in the

| same manner as suggested b Section XI. Appendix A of the ASME Boiler
and Fressure Vessel CodeU . The analysis procedure involves assuming an

initial flaw exists at some point and predicting the growth of that flaw
due to an imposed series of stress transients. The growth of a crack per
loading cycle is dependent on the range of applied stress intensity factor
AK . by the followfog relation:g

h=C,(AK)" (1-1)g

where "C," and the exponent "n" are functions of material properties.

1-1
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The input required for a fatige* crack growth analysis is basically
the information necessary to calculate the parameter AK . which de-g

ponds on crack and structure geometry and the range of applied
stresses in the area where the crack exists. Once AK is calculated,g

the growth due to that particular cycle can be calculated by equation

(1-1). This increment of growth is then added to the original crack
size, and the analysis proceeds to the next transient. The procedure
is continued in this manner untti all the transients known to occur
in the period of evaluation have been analyzed.

Crack tip stress intensity factors are calculated using semi-elliptic
surface flaw expressions. Mechanical stresses and the thennal stress

,

distribution through the thickness of the pipe are used in the calcu-

I lation of the stress intensity factor K .g

I The technique presented in this report is to detennine the final crack'

depth for an assumed initial flaw postulated in the pipe wall. The
' postulated initial crack depths range from 0.125 in, to 0.375 in. and

are considered to realistically encompass the range of flaws that
could be present.

!
I

-
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SECTION 2
'

THERMAL AND STRESS ANALYSIS

This section presents the results of the transtant thennal and stress analysis
of the main steam line for San Onofre Unit 1. The purpose of this analysis is
to determine the stresses in the pipe due to the transient thermal and mechant-
cal loads identified in the applicable pressure vessel equipment specification.I

i 2-1 ASSLMPTIONS
.|

The geometry of the main steam line is shown in figure 2-1. The interior sur-
- face of the pipe is in contact with the steam, and the resulting heat transfer

coefficient is estimated as 400 Btu /hr-ft ,.F based on the Oittus-Boelter[2]2~

forced convection correlation for all of the reactor design transients. The
*

outside surface is assumed to be insulated.

2-2 THERMAL ANALYSIS - TEMPERAT1)RES AND STRESSES

The heat transfer analysis for each of the transients was carried out by an
explicit finite difference heat transfer analysisE3l. The temperature profiles
generated by this analysis were then used to calculate thermal stresses. The

E3'

equations for thermal stress in a hollow. cylinder from Timoshenko and Goodier
were used:

i

2 2 b r >

radial stress = o *I f Trdr - [Trdr) (2-1) ;

r v Z Z
r b -a 1 1

:

2 * *2 b r
ttangential stress = e, = (hy) Trdr + f Trdr - Tr ) (2-2). g Z. _a a ,

4

]Trdr-T)eZ " I v) I 2 Zaxial stress (2-3)=

b -a a
,

where r = radial position
T = temperature as function of r; T+T(r)
a = inner radius of the pipe
b = outer radius of the pipe

i v = Poisson ratto
mE = the product of the coefficient of thermal expansion and the

modulus of Elasticity

2-1
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The integrals in equations (2-1) througn (2-3) are evaluated numerically to
provide the necessary thermal stresses for each of the transients analyzed. |

1

2-3 MECHANICAL STRESS ANALYSIS

j The mechanical loading for the pipe results only from interr.31 pressure, and since
this is not a discontinuity region, the resulting stresses in the steam line were
calculated in closed form:

, p (b2 . ,2 ) (2-4)eh
1 (b -a)

*

eh* a P
(2-5)

(b2 , ,2)
i
i

2
a (2-6)

I, si " 'a * P (b
e

Z Z
o -a)

:

where
' P = internal pressure

a a inner wall radius,

b = outer wall radius

sh = hoop stress
i

e, = axial stress

i = inside surface
o = outside surface

-

The thennal and mechanical stresses are combined, and then linearized through
the steam lir.e wall thickness to allow for calculation of the applied stress -

intensity factor at any given time in a transient, as will be described in
detail in Section 4.

.

In San Onofre Unit 1 plant, the material used in the main steam line is SA106
Grade 8. Table 2-1 lists the mechanical and physical properties from ASME Section
!!![5]usedintheanalysis.

|
|
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TABLE 2-1

MATERIAL PROPERTIES

|
!
!

|

Property (500'F) NtarialSA106 Grade 8

6Young'sModulus(psi) 26.4 x 10

Density (1b/in.3) 0.281

!

{
Conductivity (8tu/hr-in. *F) 2.217*

HeatCapacity(Stu/lb*F) 0.132'

Coefficient of Thermal Expansion 8.18 x 10-6

(in/in.'F)

Poisson's Ratio -
.

0.30

1

1

1-

.

O

4
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SECTION 3

DESIGN TRANSIEtiT3

The design transients used in the fatigae evaluation of the main steam line
pipe are given in table 3-1. The transient conditions selected for this
evaluation are based on conservative estimates of the magnitude and frequency

of the temperature and pressure transients resulting from various operating
conditions in the plant. These are representative of transient conditions
which are considered to occur during plant operation and are sufficiently
severe or frequent to be of significance to component cyclic behavior. Further,
these are regarded as a conservative representation of transients which, when

t used as a basis for component fatigue evaluation, provide confidence that the
component is appropriate for its application over the design life of the plant.

g The total number of cycles for each operating transient exclusive of the pre-
'

operational test cycles has been assumed to be evenly divided over the 40-year
operating life of the plant. The assumed schedular distribution of the reactor
operating transients is shown in table 3-2.

.

i

r, .

3-1
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TA8LE 3-1

SECONDARY $!DE DESIGN TRANSIENTS

TRANSIENT NUMBER OF OCCURRENCES

Hot Standby 18300

Plant Loading and Unloading 18300
at 51 of Full Power / Minute
Small Step Load Increase & Decrease 2000

Large Step Load Decrease 200

Loss of Power 40

Partial Loss of Flow 80*

Loss of Load 80

Reactor Trip 400
,

,

.

TEST CONDITIONS

Secondary Side Cold Hydro 5

;

"
r

|

i

3-2
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TABLE 3-2

SCHEDULE OF SECONDARY SIDE OPERATING TRANSIENTS [a]

TRANSIENT NUMBER OF OCCURRENCES

5 Events 2 Events 1 Event 1 Every
Per Year Per Year Per Year 4th Year

Hot Standby 91 1 2-

Plant Loading and 91 1 2-

Unloading at 5% of
Full Power / Minute

Small Step Load increase 10 - - -w
a & Decrease

'

Large Step Load Decrease 1 - - -

1Loss of Power -- -

1Partial Loss of Flow - --

1

1Loss of Load - --

Reactor Trip 2 - - -

[a] This table does not include preoperational test cycles since they occur
prior to plant operation.

.

-

I

r - , m



._. _ __

'

j
.

f
|

SECTION 4
'

'

STRESS INTENSITY FACTOR CALCULATIONS

l This section describes the method of calculating the stress intensity factor Kg

i using membrane and bending stresses. The stresses are detemined by stress
analysis as described in Section 3. Stresses resulting from pressure and thermal

transients are considered in calculating the stress intensity factors. The
actual stress distribution through the pipe wall is conservatively approximated
by using the linearization technique illustrated in figure 4-1.

In this analysis, a circumferential flaw on the inside surface of the pipe is
postulated. Crack depths varying from 0.125 inch to 0.375 inch have been in-

! cluded to detemine the sensitivity of the results to the initial assumed flaw
depth. The initial flaw depth of 0.375 inch represents a 39% through wall flaw.
A samielliptical configuration with length-to-depth ratio of six and its major
axis on the surface is assumed for the shape of the flaw as shown by figure 4-2.

g

4-1 K EXPRESSION'
g

The stress intensity factor K at ths point of maximum depth is calculated from
g

the membrane and bending stresses using the following equation from Section XI of

the ASME Code :

Kg= (a,M,+ab M) (4~1)
b

i f

| where
= membrane and bending stress, respectively' a,, b.

= minor semiaxis (flaw depth)a

= flaw shape parameter including a plastic zone correction
Q factor for plane strain conditions (see figure 4-3).

Q =[+2 - 0.212 (a/a ,)2)y

$1 1-( ) sin 2,g*

2
.

= yield strength of materialays

a, + abea

41

.5
amur.
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Figure 4-2. Postulated Flaw - Circumferential Semiel11ptical
Surface Flaw
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b = major samtaxis (flaw length /2)

, e parametric angle of the ellipse'

M, a correction factor for membrane stresses (see figure 4-4)

M = correction factor for bending stresses (see figure 4-5)
b

l.

The inside and outside stresses for each transtant for the three regions analyzed
g

; are given in table 4-1. The stress values which yield both the maximum and the
I minimum Xg values for each transtant are Itsted.

.

l.

:

I

!

!

,

**

*

|

|

|
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TABLE 4-1 INSIDE AND OUTSIDE LONGITUDINAL STRESSES

'!

| e Inside[a] a Outside 'l eInside[b] e Outside[b]E ,

i Transient (kst) (ksi) (ksi) (ksi)
!

I

j Hot Standby 5.164 5.100 3.933 3.939
i

! Unit Loading and.
5.096 5.013 3.421 3.715; Unioading

!

r a n ; ' e,,,
i g 4.024 3.86. 3. 38 3.7,5

{ Large Step Load Decrease 4.340 4.248 3.452 4.541

) Loss of Power 5.184 4.612 3.817 3.817

Part1al Loss of Flow 4.511 4.511 3.341 4.798 ;

! Loss of Load 4.996 4.996 2.773 6.054
i

| Reactor Trip 4.038 3.106 1.705 1.705
Cold Hydro 8.092 8.092 0.000 0.000

:

i [a] These stress values lead to maximum Kg

i [b] These stress values lead to minimum Kg

| '
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SECTION 5

FATIGUE CRACK GROWTH RATE

The growth of a crack per loading cycle is dependent on the range of applied
stress intensity factor aK , by the following relations:g

h=C,(AK)" (5-1)g

where "C," and the exponent "n" are functions of material properties.

i 5-1 ASME SECTION XI CRACK GROWTH LAW FOR WATER REACTOR ENVIRONMENT

NThe upper bound curve from ASME Section XI for fatigue crack growth analysis

{ shown by figure 5-1 is considered appitcable to SA106 Grade 8 material in this
analysis based on the following justification provided in Reference [6]. The,

' reference law in the ASME Code Section XI was designed to be applicable to car-
i bon and low alloy steels to minimum yield strengths less than or equal to 50 ksi,

although no data were available at the time of its inception to support such a
wide application E03. Data are now available to demonstrate that medium strength

carbon and low alloy steels do indeed have very similar behavior in a water en-
vironment. Besides the original test materials of A508 C12 and A5338 C11 there

are test results available for ASTN A516 GR-70 steel in Ifg3. This steel has a
ht water reactor en-

Evironment which agree well with the reactor vessel steelsg
minimum specified yield strength of 38 ksi. Further data in water environments

> have been obtained by Soctt [8] on lower strength steels and Yosikovsky [9] on
higher strength line pipe steel (65 ksi minimum yield strength). This informa-
tion suggests that the reference curve should have applicability to all carbon
and low alloy steels with minimun yield strength less than 65 ksi.

The reference law in the ASME Code Section XI is represented by the following

expression.

3.726
h = (0.3795 x 10~3) aK (5-2)g

where, h = Crack growth rate, micro-inches / cycle
g = stress intensity factor range, ksi/in = (Kg ,,, - K! min)AK

* I """ " " """ I m pec e y computMKg ,,,, K! min "
during the transient

5-1
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SECTION 6

FAT!GUE EVALUATION

The fatigue crack growth analysis presented herein has been conducted in the
same manner as suggested by Section XI Appendix A of the ASME Soller and Pressure
Yessel CodeM . The analysis procedure involves postulating an initial circumferen- |

tial flaw and predicting the growth of that flaw due to an imposed series of>

stress transients. The input required for a fatigue crack growth analysis is,
,
'

i basically the information necessary to calculate the parameter AKg which depends
on crack and structural geometry and the range of applied stresses in the area>

where the crack exists. Once AK is calculated, the growth due to that particularg,

} cycle can be calculated by equation 4-1. This increment of growth is then added

; to the original crack size, and the analysis proceeds to the next transient. The
I procedure is continued in this manner until all tae transients known to occur in

3
'

the period of evaluation have been analyzed.

In order to determine the maximum potential for fatigue crack growth of the postu- ,;

| } lated flaw in the pipe during normal operation, a cumulative fatigue crack growth !

analysis is performed. All design transients are considered in enconological order'

| according to the assumad schedule prescribed in table 3-2 Strets intend ty factor, are

determined for each transient usiag the bounding samtelliptical flaw mode) and the

{ method for K deterutnation outlined in Section 4. Each transient is evaluatedg

in the following manner:g

fluctuation (AK associated with the transient).i 1) Determine the maximum range of Kg g

f 2) Find the incremental flaw growth (aa) corresponding to aKg from the fatiguei

crack growth rate data.
I 3) Update the flaw size by assuming the flaw grows to a geometrically similar,"

larger flaw with a minor half axis (a + aa).
4) Proceed to the next transtant.

The above procedure, after all transients have been considered, yields the expected

end-of-1tfe flaw size (a ). The procedure has been automated and the crack growth
f

results are obtained for 0.125 inch. 0.250 inch, and 0.375 inch postulated initial flaw
,

|

depths. The stress intensity factor ranges (A!:g) associated with the transients
are presented in table 6-1.

|
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TA8LE 6-1
,

$ TRESS INTENSITY FACTOR RANGES (&X )
'

g

-

:

No. Transient Postulated AK
FlawDepth(in.) (ks t /in)

1 Hot Standby .125 .765

.250 1.143g

i .375 1.548

2 Unit Loading and Unloading .125 1.'J24

.250 1.509

.375 2.016'

.

I
3 Small Step Load Increase .125 0.223

| and Decrease .250 0.312

.375 0.397
|

4 Large Step Load Decrease .125 .4854

4 .250 .639

.375 .765
,

l

! 5 Loss of Power .125 .820
~

.250 1.189
,
'

.375 1.564;

| 6 Partial Loss of Flow .125 .644
'

.250 .859

.375 1.039

7 Loss of Load .125 1.194
,

| .250 1.543
'

.375 1.816

;

bI
!

s
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TABLE 6-1(cont'd)

STRESSINTEMSITYFACTORRANGES(aX)g

.

-

Pcstulated AK g

th. Transient Flaw Depth (in.) (ksi/tn)

8 Reactor Trip .125 1.402

.250 2.035
,

.375 2.681 j
,

'
i,

I
-

9 Cold Hydro .125 5.068
| .250 7.606

.375 10.326

,

-
s

i

l

!
l
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SECTION 7 ;

RESUt.T3 AND CONCLU5!0NS I

!

A fatigue crack growth analysts has been carried out for the main steam Itne !

pipe of San Onofre Unit 1. and the results of the analysis are summarized in*

table 7-1. This table presents t*ie fatigue crack growt'. results for a range
of postulated flaw depths oriented c.fre m ferentially. The postulated flaws
are assmed to be six times .is le J as they are deep. Based on these re--

' suits. it is concluded that growt' by fatigue is negitgtble.

l
.

I

I

'

!

h

I

i

i

5

|

,
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TABLE 7-1i

! RESULTS OF FATIGUE CRACK GROWTH EVALUATION
|

|
'

|

Postulated Crack Depth (in) After Year
,

'InitialCrackDepth(in)

'
10 20 30 40

,

L

0.125 0.12500 0.12501 0.12501 0.12501

|
|

0.250 0.25002 0.25003 0.25004 0.25005

0.375 0.37505 0.37508 0.37511 0.37515

,

i

I-

7-2
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