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I.

INTRODUCTION

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 the 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
doudble-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 Itenm
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
{nformation 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) adbove, as well
as the additional analytical work completed subsequent to the May 13,
1980 NRC meeting. Section III of the report discusses Itexz (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 scenariocs
obtained to date warrant corrective actions (i.e., modificaticns to
the SIAS logic) to reduce the calculated peak containment
pressures. 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.
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The modifications to the SIAS logic have been determined not to
involve an unreviewed safety question as dafined in 10CFRS0.55 or a
change to the Technical Specifications; therefore, the
implementation of the corrective action is being made without prior
NRC approval pursuant to 10CFRS0.53.

The main steam line piping and containment integrity evaluations, in
conjunction with the SIAS logic 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
eredible, that the probable consequences of a MSLB accident are nc
more severe than the previously calculated peak temperatures and
pressures for the containment following a LOCA (considering a dest
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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PRELIMINARY RESULTS OF MSLB ANALYSIS

‘.

Previous Analvses

The containment structure, including access openings and
penetrations, was designed and fabricated to accommodate or
dissipate without failure the pressures and temperatures associated
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 !
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 analiyses to
determine the containment response are discussed in Sections II.B
and II.C of this report.

Current Analvses

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
that a potential for high containment pressure exists at San
Onofre Unit ' given a double-ended guillotine rupture of either
the 20" or 24" main steam lines inside containment. A major
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 i{n system design to achieve a safety injection actuation
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 systexz
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 ! 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 steaxm 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 thelr
respective flow venturis with an effective break area of 1.12
ft2 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
isclation valves.

Ma jor Assumptions
a. Standard Assumptions Cases

The ma‘or assumptions of the mass and energy release and
conta.nment response analysis are listed and discussed pelcw!

(1' 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 cannct escape fast enough
from the two-phase region of the ruptured steanm



(2)

(3)

(%)

(5)

(6)

(7)

(8)
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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 breax
flow boils off in the containment and is added to the
atmosphere while the rest falls to the sump and
contributes nothing 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 mcdel has not been developed
for San Oncfre Unit 1 steam generators. Therefore, the
break flow was conservatively assumed to be dry steanx
which maximizes the peak containment pressure. The
effect and potential benefit of a wet steam blowdown
assumption is discussed in Section II.C.

Offsite 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.

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 contalinment
cooling train (i.e., containment spray pump.) The
effect of other single failures are discussed in
Section II.C.

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.

The nominal steam generator mass is calculated for a
water level corresponding to the programmed level
(percent of narrow range span) plus 5% instrument error
(steam generator level) and 8% void fraction uncertainty
(full power cases).

The initial power level for full power cases is 103%
nominal full load to account for 3% calorimetric error.

A conservative clad surface heat transfer film
coefficient is assumed.

Reactor trip is on the steam/feedwater mismatch signal.
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,
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(9) Main feedwater flow is isclated at 8 seconds on SIAS
(high containment pressure). Pumped feedwater flow is
based on steam generator depressurization and is ramped
to zero during feedwater isclation valve closure. No
load feedwater flow is assuxed initially to be 5% of
nominal full power flow.

b. Better Estimate Cases

The assumptions applicadble *o 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 1003 of
nominal full load and does not include 3% calerimetric
error, :

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

(4) Both safety injection trains are assuzed operable
(fallure of a containment spray pump {s still assumed).

Conservatisms which remain in the analysis and which were
not adjusted for the better estimate cases are listed below:

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

(2) Primary to seccndary heat transfer (UA) across the steax
generator tubes is not degraded with decreasing steax
generator level.

(3) Steam generator blowdown is assumed to be dry stean
(i.e., no entrainment) from an instantanecus
double-ended rupture of the largest 3team line (24").

(4) Condensate revaporization from containment passive heat
sinks is no. assumed in the containment response
analysis,

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(!) which has been used for previous 3an Cnoefre
Unit ! analyses of core response following a MSLB. The mass and
energy release to containment were determined from the following
sources:

00 00O

Initial steam generator inventory.
Steam piping inventory.

Feedwater system pumping.
Feedwater system flashing.
Auxiliary feedwater flow.

Initial Steam Cenerator Inventory

The initial steam generator inventory is a function of the
reactor power level. For operation above 20% power, the
steam generator operating level is automatically controlled
at 30% on the narrow range level instrument. At 20% nower
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 (1b/5.G.)

Full Power No Load
Standard Assumptions k3500 69710
Better Estimate Assumptions 38760 67580

Steaz Piping Inventory

As shown in Figure 1 of this report, the main steam system
piping volume between the steax generators and the main
stean stop valves discharges through the break into
containment. This volume (1965 ft3) 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 steaz 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 full
power, the steam mass is 3052 1b and at no load the mass is
3979 1b.
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Feedwater Systen Pumping

Figure 2 of this report shows the feedwater system pumping
configuration. Following a MSLB, feedwater will continue 0
be pumped into the steam generators until feedwater line
{solation occurs as a result of SIAS. For the purpose of
this analys.s, the SIAS is assumed to occur on high
containment pressure. The contribution to the stean
generator mass inventory from the main feedwater pumping is
determined in the following manner:

(1) The containment pressure and the stean 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
{s determined (less than 1.5 seconds).

(3) The time at which feedwater {solation 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 {solation 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 remaln open
until SIAS occurs. On a SIAS, the feedwater regulating
valves close (closure time 10 seconds) as a backup to
the feedwater isolation valves. At no load, the systenm
{s in manual control and the main feedwater addition is
limited to a maximum of 5% of full power flow for eight
seconds until feedwater train isolation.

(5) The mass of water addec to the steam generators prior to
feedwater line isolation is pased 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 1b while at no load main
feedwater pumping adds only 6§33 1b. These are total
inputs, assumed equally divided among all three steax
generators.
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d. Feedwater System Flashing

Following main feedwater isolation, the depressurization cf
the steam generators causes flashing of the water in the
feedwater piping between the steam generator and the
feedwater regulating valves as shown in Figure 2 of this
report. The available volume of feedwater piping is

246 £t3 and is equivalent to a mass of 13030 lb of water
at full power based on the feedwater temperature of

41TOF, This mass is added to the steam generators where
it is boiled off by primary to secondary heat transfer., At
no load, the feed train is assumed cool (70C0F) 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 apalysis, 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
{nitiation of AFWS flow is discussed in Section II.C.

Containment Response Analysis

The contairmen® 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 ! of our
January 19, 1977 letter entitled, "Containment Post Accident
Pressure Reanalysis, San Onofre Unit 1.7
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Results of Current Analyses

1.

Summar

Appendix 3 of this report provides a tadble 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 load 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
provided based on a nominal, better estimate blowdown data. All
four cases assume dry steam blowdown from a double-ended rupture
of the 24" main steam header inside contalinment. Figures 4 and
§ 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
ne load, respectively, are 50.0 and 53.0 psig using dlowdown
data incorporating conservative, standard assumptions. These
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 steax 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 steax
flow does not decrease to the nominal full power flow rate
(where entrairment would not be expected) until 30 to 40 seconds
have elapsed.

The peak vapor temperatures of 403 to 4060F shewn in Appendix

3 of this report are of short duration and quickly quenched by
the automatically initiated containment spray system., As shown
in Figures 6 and 7 of this report, vapor temperatures are below
3000F within 70 to 80 seconds and are at saturatiocn values
corresponding to the containment pressure after 30 seconds. The
inside surface temperature of the steel containment sphere
(modeled as 1" thick cardon steel) is shown on these figures.
The sphere surface remains pelow the saturation temperature
throughout the one-hour analysis time reaching maximuz values of
:gzgr with the full power MSLB and 2680F with the no load
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2. Sensitivity’Parameter Studies

The effect of automatic initiation of AFWS flow was assessed
as shown in Appendix 2 of this report by rerunning certain
cases with the assumption that auxiliary feedwater was
initiated at time T = 0 at a runout flow rate of 1000 gpm
for 90 seconds (loss of steam pressure drops turbine AFWS
pump off line), 500 gpm out to 10 minutes and 250 gpm,
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
approximately 1 psi for the full power cases. For full
power cases, the effective delay in AFWS flow initiaticn
(approximately 1 minute) would minimize this effect as stean
generator dryout and peak containment pressure would occur
prior to significant AFWS flow addition.

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 gquality vs.
time) developed for the Model 51 steam generator (San Onofre
Unit 1 has Model 27 steam generators). The dbenefit of this
effect, as discussed earlier, is to decrease the mass and
energy available as dry steaz which contridutes directly to
the containment pressure/temperature response., This
assumption was found to decrease peak contalnment pressure
by approximately 8 psi for the full power cases. Although a
detailed entrainment model has not been developed for San
Onofre Unit 1 steam generators, the potential benefit of the
more realistic assumption, as indicated from the results of
the sensitivity studies, is believed to be significant.

The effect of loss of offsite power coincident with the MSLB
was qualitatively assessed. The loss of offsite power would
result in tripping of the reactor coclant pumps, main
feedwater pumps, and delay in AFWS flow addition. Each of
these a'‘ds in mitigating the effects of a MSLB by either
reducing the fluid available to feed the dlowdown or
reducing the energy transferred from the primary coclant
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 isclation
main feedwater regulating valves and bypass valves will
close without additional delay (effective delay in isclating
main feedwater is increased from 8 to 13 seconds) and this
effect is mitigated by the tripping of the main feedwater
pumps. In the cases analyzed with the standard assumptions,
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the effect of sing ‘ailure of a diesel generator (which
implicitly assumes .uss of offsite power) has been taken
into account. Thus, the assumption of lcss of offsite power
reduces the consequences of a MSLB.

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 isoclation
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 cperable,
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).

The effect of 8% condensate revaporization during the tizme
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 pail
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 the peak pressure in
relationship to the duration of con ainment superheat. Peak
vapor temperatures were reduced about 150F with condensate
revaporization for both full power and no load MSLB's.

D. Resultant Actions

1.

Design Change

As discussed in Subsection II.B of this report, main feedwater
flow to the steam generators substantially contridbutes to the
mass and energy released to the containment through the breax
prior to receivi g a SIAS based only or low pressurizer

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
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feedwater addition totals 24,000 to 29,000 lbs per steam
generator. In order to minimize the mass and energy release to
containment contributed by main feedwater flow to the steam
generators, the automatic load sequencing system logic is deing
modified to provide an additional signal to initiate a SIAS upon
2 psig containment pressure as well as low pressurizer

pressure. As discussed in Section II.B of this report, the

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 stean
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 ccntainment 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 completed prior to return to power
operation following the current refueling outage. As required
by the Technical Specificaticns, the logic 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
zalfunction of equipment important to safety previously
evaluated in the Safety Analysis Repert, (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
{neluded in the Technical Specifications are not altered.
Accordingly, as permitted by 10CFR50.59, the logic modifications
are being made without pricr NRC approval.

In accordance with 10CFRS0.59, the details of the logic
modifications, including a written safety evaluation which
provides the basis for the San Onofre Unit ! 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 description of the logic modifications,
including a summary of the safety evaluation, will be provided
to the NRC as required by 10CFRS0.59 in the annual operating
report for San Onofre Unit 1 in accordance with the Technical
Specifications. For completeness, this {nformation is provided
as Appendix & of this report.
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2. Main Steam Line Inservice Inspection

An inservice inspection of the main steam line was lnitiated
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 detecticn
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 credidble.

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 100% volumetric inspection of all pressure welds
by means of radiography. Although an inservice inapection of
this line is not a code requirement, a 100% radiocgraphic
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.

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

E. Evaluations

1. Prelizinary Main Steam Line Piping Integrity Evaluation

a. Summary

The objective of this evaluation is to study the integrity
of the main steam line for San Onofre Unit ', The piping
integrity evaluation requires three types of calculatiocns;
namely, the plastic instability analysis, tearing modulus
analysis and the fatigue crack growth analysis. Preliminary
estimates of the plastic instadility and tearing modulus
analyses are discussed below while the fatigue crack growth
analysis will be submitted by October 1, 1380.

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 Sasis
Earthquake on the plastic instability analysis will be
provided by October !, 1980.
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Preliminary estimates for the tearing modulus analysis
indicate that the tearing instadbility will not result.
Additional (J integral) calculations associated with the
tearing modulus analysis will be submittecd by Qctober 1,
1980 in support of this conclusion.

Introduction

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
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
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
erack 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 propugate stabdly until the crack is
large enough sc that internal pressure cannot be
maintained., The final determination of the critical flaw
size, or that size flaw which would cause piping failure
under the loadings considered, is being carried out using a
plastic instadbility 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.

Criteria

(1) Global Failure Mechanism - Plastic Instability Analysis

Piping integrity evaluation involves computation of the

moment carrying capacity (M_) of the pipe in the
presence of a postulated through wall rgau and showing
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that the maximus moment, M, on the pipe resulting from
severe loading conditions does not exceed the moment

carrying capacity (M_), Therefore, the global
criterion for plastic instability is defined as

M o< M

This is illustrated in Figure 3 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 de analyzed
using the limit load analysis method (shown in Figure 5
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:

2 .2 b g2
s 1 c.-f.z.flai P

2
tc’r

2 4
B R “(2¢c0s® -sin &,
g’ 201w -%)° Ry ° °

half-angle of crack, in radius
(refer to Figure § of this report)
internal pressure

mean gipc radius, inches

pipe thickness, {nches

0.4 ( ys u) (flow stress)
yield stress

ultimate tensile strength

pipe inner radius, inches

pipe outer radius, inches
singular location of neutral axis

(refer to Figure 9 of this report)

<
=
®
3
@
R
"

AQ

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 Mechanisa - Tearing Modulus Analysis

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 gecmetry 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 enccapass
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
nondimensional quantities Tg,e and Tappl. These
quantities are defined as

- a E 4 Jﬂlt
mat Tpe da
and
- 5 £ dJ
appl qrz da
where E = Youngs Modulus
Te = 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:

Tug ? Tappl Stable
Tmat € Tappl Unstable

when Tyae exceeds Taypl by a substantial margin,
stable crack growth Yg assured.
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Tada et. al.(6) calculated T for boiling water
pp}
reactor (BWR) piping using the following equation and

showed that the maxizum values assumed by the fuactions
Fy and F2 were 1.3 and 0.5, respectively.

F

L JE
1% Oe2p

Tlppl =z

Therefore, a conservative estimate of Tappl is given

by the following equation which can be evaluated if the
J values resulting from different locading conditions are
determined by a finite element analysis.

JE
Te2n

T s %3

appi + 0.5

L
R

d. Results and Discussicn

(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 availabdle
piping stress analysis results(4,5) the maxizum

bendirg moment is 432,100 ft-ldbs which includes the
effect of Operating Basis Earthquake loads. Compariscn
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 bdreak
will not result. As previously discussed, the effect of
a Design Basis Earthquake will be subdbmitted oy

October 1, 1380,

(2) Local Criterion

For the main steam line, the J values resulting from
different loading conditions are ot aviiladle;

therefore, Typo1 cannot be e lic1=1¥ evaluateg at
this time using Equation 1, above. he local stadbility
eriterion is, however, discussed in the following
paragraph:
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The T.?z for the piping material, SA106B, is assumed
to be 140 based on unpublished data. The maxizum
allowable length of pipe L (between supports) to prevent
instability is calculated by conservatively assuming two
times ch for the material. The JIC for the

material is assumed to be 1100 in-1b/in2. Therefore,
based on an assumed value of J equal to 2200

in-1b/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-1b/in2
(1.e., 4 times Jic) yields 3, lenath of 101.7 ft. The
maxizum unsupported ch;:h( ) for the piping under
consideration is approximately 27 ft which is
significantly less than the critical lengths

calculated. Therefore, stability of piping under
consideration is ensured.

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
discussecd 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
eycling is evaluated in fatigue crack growth analyses
and then the final flaw size is compared with the
eritical flaw size for normal, upset and other operating
conditions.

The fatigue crack growth analysis will follow the
methods specifiec in ASME Section XI, Appendix A. The
operating transients which affect the zain stean 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
(K1) will be calculated using an expression for a
continuous flaw oriented circumferentially at the inside
surface of the pipe. The stresses will be linerized
through the pipe wall thickness and will Dbe used %o
calculate K1 and AK1. The fatigue crack grovth for
any single transient will be calculated from a crack
growth rate law.
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Conclusions

(M)

(2)

1.

i,

5.

6.

Global criterion based on limit analysis method is
satisfied, Preliminary calculations using Operating
Basis Earthouake loads indicate that even a crack length
of 30" will not become unstabie., The maximum moment
ineluding Operating Basis Earthquake is 4.321 X 105
ft-lbs as compared to the limit moment of 5.127 X 105
ft-1bs 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 oecome unstable.
As discussed previously, the effect of a Design Basis
Earthquake will be subzitted by October 1, 1350.

Preliminary estimates indicate that the local criterion
is satisfied. As discussed previously, additional (J
integral) calculations will be submitted by October 1,
1980 to support this conclusion.

References

Eiver, R. J. Maxey, W. A., Duffy, A. R., and Atterbury,
T. J., "Investigation of the Initiation and Extent of
Ductile Pipe Rupture", BMI-1858, July, 1969.

Reynolds, M. B., nFailure Behavior of Flawed Cardon
Steel Pipes and Fittings", GEAP-10236, Octoder 1370.

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

"Piping Flexidility Analysis," Bechtel Job No. 3246-3,
11/20/64.,

"Main Steam X and I Acceleration (Earthquake)", Bechtel
Job No. 32“6-'-0 1:-18’6“.

H. Tads, P. Paris and R. Gamble, "Stability Analysis of
Cirecumferential Cracks in Reactor Piping Systems”.
NUREG/CR-0838 R1, RS, June, 1373.

"Determination of the moment Capacity of Pressurized
Piping with Circumferentially oriented Through=-wal.l
Flaws", Central File, SM 12.9.1, May 21, 1980.

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



Leak Detection Systenm

The main steam line piping integrity evaluation discussed adove
concluded that postulated thru-wall cracks several inches in
length would remain stable if subject to the design basis
station loading combinations. The thruewall critical flaw size
for the main steam line is estimated to be 5" to 10" in length
as discussad 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 assoclated with such postulated cracks is
discussed below.

Detection of leaks froa 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.

With these methods, a leak of one gpa (500 1lb/hr) can be
detected in a matter of hours. Larger leaks would be detected
by indication from process variables (such as steaz flow, feed
flow, steam generator level, steax generator temperature and
pressure) or by high temperature and high pressure alarms in
containment.

In the event symptoms of a leak are noted, an laovestigaticn
vould 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

\

\

|
¢, High radiation alarsm.

A containment sphere summary stress evaluation was subpitted as
Enclosure 2 "Summary Sphere Stress Evaluation, San Onofre Unit
1" of our January 19, 1977 letter. Our February 4, 1977 letter
revise! the material properties provided in Enclosure 2 of our
January 9, 1977 letter. Section IV.D of the 1977 evaliation
(hereafter referred to as "previous evaluation®) concluded that
a containment internal pressure of 51 psig evaluated in
conjunction with all required stress conditions and load
sombinations on the containment sphere and on all significant
penetrations resulted in stresses within code allowable stresses
pased on as-built minimum ultimate tensile strength of the
containment material.
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The previous evaluation was reviewed following the completicn of
the MSLB scoping studies to det rzine the maximum pressure
capadbility 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
otron!th at temperature (5/8 yield strength or 110% 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 availabdble prior to
localized yielding which could lead to loss of containment
sphere integrity.

The review indicated that in order to achieve the minioum
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 MSLB
inside containment can be accommodated with the current desizn.

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. Detalls of the
test procedure and results were submitted to the NRC recently by
letter dated April 4, 198C. 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 Chicage Bridge
and Iron Company. The stress analysis was performed for a AT
of 2000F, based upon a maximum temperature of 271.80F and an
ambient temperature of T20F. Allowatle stresses were in
accordance with the applicable sections of the ASME code.

The analysis results given in the previous evaluation (Tatle 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
vieinity of the penetration are less than those in the region of
the shell to foundation juncture because the penetration area is
reinforced with a doudbler plate. Thermal effects on this
thickened portion were investigated in the analysis of the
penetration. The results indicated that stresses were within
allowable limits.
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AUXILIARY FEEDWATER SYSTEM AUTOMATION MODIFICATIONS

Our April 29, 1980 letter indicated that the modifications to provide
automatic initiation of AFWS flow tc meet the eriteria of Item 2.1'.7.a
of NUREG-0578 cannot be completed prior to January 1, 1981. Appencix 8
of this report summarizes the Qnginoorin;/procurcnent/analytical
completion constraints discussed in our April 29, 1980 letter. As shown
in Appendix 8 of this report, the overall engineering design activities,
procurement activities, and analytical work are expected to be completed
by October 1, 1980, December 12, 1980 and October 1, 1380, respectively.

Based on current engineering activities, preliminary piping and
{nstrumentation diagrams are provided as Figures 10 and 11 of this
report showing the AFWS flow configuration and the turdine 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 shown in these
figures, the AFWS is being modified to establish two AFWS flow trains
with independent and separate automatic initiation signals and

eircuity. 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 cperaticn 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.
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SUMMARY AND CONCLUSIONS

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

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 assumptions) at full power, and 53.0 psig
(standard assumptions) and 52.2 psig (better estizate assumptions)
at no load. 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 conservatisams 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., 43.%
psig). For the no load cases, the calculated peak containment
pressures are slightly above the containment design basis pressure.
However, these pressures are still delow the initial test pressure
of the containment. Evaluations have bdeen performed to provide
assurance that a doudble-ended guillotine rupture of the main steanm
line postulated for purposes of this analysis is not credidle and
that substantial margin in containment strength is available to
accommodate these no loacd pressures. In addition, station operation
at low power (i.e., less than 20%) constitutes a small fraction of
the total station operating history.
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With respect to thermal effects, the preliminary scoping studies
indicate that the maxizmum 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, 1380 letter, the complete analytical
assessment associated with providing automatic initiation of the
AFWS flow as requested by the NRC November 15 and December 21, 1373
letters will be submitted by October 1, 1980.

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 desigzn
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 desizn 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.

A containment integrity evaluation has been performed to determine
realistic margins for the pressure retaining capability of the
containment. The evaluation indicates that based on minimum
specification yield ctrength (versus one-fourth of 110% 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 integrity tollowing a postulated double-ended guillctine
rupture of the main steam line piping will be maintained. In
addition, 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.

A preliminary evaluation of the main steam line piping integrity was
performed to determine the credibility of a postulated instantanecus
doudble-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 de
stable would be readily detected by inservice inspection or dy the
station leak detection methods during operation and corrective
actions initiated prior %o any threat to main steam line piping
integrity.
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This evaluation is similar to the mechanistic pipe break evaluation
currently being reviewed by the Regulatory staff which was concucted
for the Westinghouse Asymmetric Loads Owners Group (WCAP-9570).
Acceptance of this approach for that application would mean, in
effect, that doudble-ended guillotine ruptures would no longer bde
postulated for structural analysis.

The final evaluation to determine the integrity of the main steanm
line piping will be submitted by October 1, 1580.

F. A radiographic inservice inspection of all circumferential stean
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 summarized above, it is concluded that there is
reascnable assurance that a double-ended guillotine rupture of the main
steaz line is not credible, that the probable conseguences of a MSLB
accident are no more severe than the previousiy 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.
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PREVIOQUS ANALYSES

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

o Spectrum of Breaks Analyzed Inside and Outside Containment at No
Load and Full Load Conditions

© MSLB Analyzed for Core Response and Not Containment Response

© 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 Core Response Shown to be Acceptable

Core Relcad MSLB Reanalyses (Core Cycles 2, 3 and 4)

¢ Different Core Parameters

© Similar Conclusicns as above

Core Reload MSLB Reanalyses (Core Cycles 5, 6, 7 and 8%)
o Different Core Parameters

o Loss of Off-Site Power

© Elevated Upper Reactor Vessel Head Temperatures

© Reduced Safety Injection System Flow

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

o] Similar Conclusions as above

® Cycle 8 operation will begin following the current refueling outage.
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APPENDIX

MAIN STEAM LINE BREAK - CONTAINMENT RESPONSE
PRELIMINARY RESULIS

SAN ONOFRE - UNIT 1

Brea':: 24-in. double-ended guillotine rupture

Break Area: 2 x 2.66 ft2

Blowdown: dry steam; flow limited by 1.12 ft2 area flow venturis
in each steam generator outlet line.

Offsite Power: availabdble

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 (%) 100 103 0 0
Peak Containment Conditions
Pressure (psig) L8.u 50.0 52.2 83.
Time (Sec) 78 110 355 378
Vapor Temperature (oF) ko5 406 403 404
Time (Sec) 32 32 31 31
Energy Integrals @ Peak
Containment Pressure (1068:y)
Break Flow 166.62 190.32 246,17 242.48
Passive Heat Sinks 26.65 35.79 68.24 70.44
Spray Heat Transfer 1.93 2.9 10.01 10.76
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APPENDIX &

CHRONOLOGY OF EVENTS

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

TIME

(SECONDS)

0

1

600

EVENT

Pipe ruptures; steam generator depressurization begins
Containment @ 2 psig; SI signal generated
Reactor tripped on steam-feedwater flow mismatch

Control rods begin entering core; main feedwater pump
isolation and control valves begin closing

Containment @ 10 psig; spray pump start signal generated
Main feedwvater flow to steam generators terminated

Main feedwater control valves closed (back-up to MFW pump
isolation valves)

Containment spray flow reaches nozzles

Full containment spray flow established (1080 gpm)
Containment reaches peak pressure of 48.4 psig
Dryout of steam generators

Containment sphere inside surface temperature reaches maximum
value of 239.20p

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



TIME

(SECONDS)

33.3
355
375
800

650

3o

APPENDIX S

CHRONOLOGY OF EVENTS

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

EVENT

Pipe ruptures; steaxz generator depressurization begins
Containment @ 2 psig; S.I. signal generated

Main feedwater pump isclation and control valves begin closing
Containment @ 10 psig; spray pump start signal generated

Main feedwater flow to Steam generators terminated

Main feedwater control valves closed (backup to MFW pump
isolation valves).

Containment spray flow reaches nozzles

Full containment spray flow established (1080 gpm)
Containment reaches peak pressure of 52.2 psig
Dryout of steam generaltors

Auxiliary feedwater flow established to all steaz generators
at 250 gpa (total)

Containment sphere inside surface tezmperature reacnes maxizuz
valve of 268.30F
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APPENDIX 6

DESCRIPTION AND SAFETY EVALUATION
MODIFICATIONS TO AUTOMATIC LCAD SEQUENCING LOGIC

DESCRIPTION

This design change incorporates modifications to the automatic load seguencin
logic to provide an additicnal signal to initiate safety injection upon 2 psiz
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 sigznals
will be provided by the existing containment isclation actuation system (CIAS).

SAFETY EVALUATION

An evaluation of the logic modifications has been performed to ensure that
isolation of the main feedwater flow by initiating SIAS upon containment high
pressure has nc impact on other safety systems or analyses.

The design provides adequate separation and isclation to ensure that the logic
medifications do not impact the integrity of the CIAS which is derived froa
the same containment pressure sensors (at 2 psig setpcint). Manual initiaticn
and reset of the automatic load sequencing logic and CIAS remain unchanged.
Failure of the common power supply to the CIAS associated with each automatic
load sequencing logic will not result in automatic load sequencing logic
initiation; however, it will initiate containment isclation.

Based on the Technical Specifications, the automatic lcad 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
cause spurrious automatic load sequencing logic initiation. This capability
is provided by logic modifications and a test mode switch installed on each
automatic locad 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 IZ
Bulletin No. 79-06A, Revision 1, with respect tc performing surveillance
testing of the pressurizer low pressure channels. In order to preven:
spurrious auytomatic load sequencing logic actuation, the pressurizer low level
channels (required to be tripped by the Bulletin) may be restored to norzal
operation for the duration of the test.

The systems and equipzment 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 de
completed by January 1, 1981,

A review of the accidents and transients previously analyzed has deen
performed to deteramine the impact of producing an SIAS on high containment
pressure. Based on that review, an earlier SIAS has a beneficial effect cn
the analyses.
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APPENDIX 7

CALCULATED LIMIT MOMENT

Crack Length

(inches)

Limit Moment
(ft-1bs)

1.7216 X 106
1.6025 X 106
1.5200 X 106
1.3073 X 106
0.80375 X106
0.5127 X 106
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COMPLETION CONSTRAINTS

Engineering

¢ Sequencial Engineering Activities Necessary to Issue P.0.'s to be
Completed by August 1, 1980

© P.0.'s to be Issued by August 1, 13980
o Design Details to be Sudbmitted by Octcber 15, 1380

Material Procurement

o hu-w'ck Normal Delivery/17 Week Expedited Delivery of Copes-Vulcan
Flow Control Valves From Receipt of P.O.

o Based on august !, 1980 P.0. Issuance, Delivery By Decemder 12, 1580

° All Other Items Quoted As 12 Weeks or Less Delivery

Analytical Assessment

0o MSLB and Feedwater Line Break Information in Accordance with
December 21, 1979 NRC letter By Octoder 1, 1380

© Auxiliary Feedwater Flow Requirements in Accordance with November
15, 1979 NRC Letter By October 1, 1380

Other Assumptions

© Material Delivery Quotations Based on Preliminary, Conceptual
Engineering

o Piping will be Borrowed From San Onocfre Units 2 and 3 and will de
Field Fabricated

o Current Design Basis For Auxiliary Feedwater Systexm Flow Verified by

Analytical Assessments

© Abbreviated TMI Design Review Procedures Will Be Utilized

o Engineering Activities Can Pr~ ..J Without Interferences from other

T™MI Activities or Any New Act.vities Resulting From NRC Denial to
Defer Items to SEP

WOF :wp
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CRITERIA

GLOBAL LOCAL
Plastic Instability Tearing Modulus
Calculation Calc lation
M ¢ M T 5 T stable
L mat appl
T < T unstable
mat appl

Figure 8
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UNITED STAYES (e dade 6€8-S é

NUCLEAR REGULATORY COMMISSION
WASHINCTON, D. C. 20555 @L“ "'b M

JUL 15 1980

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 recommendations regarding a priority listing for
reviewing the subject matter. I have reviewed the recommendations and

concur.
D a;k?74”1’<:;--q
Thomas M. Novak, Assistant Director for
Operating Reactors
Division of Licensing
Enclosure:
As stated

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

% 61020246
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& o, UNITED STATES
E NUCLEAR REGULATORY COMMISSION

g W ? WASHINGTON, D. C. 20555
.'f.‘;, ‘\J/‘cf JUL 1 1 1980

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

FROM: R. Clark, Chief, Operating Reactors Branch No. 3, DL
SUBJECT: ?UTOM?TIC INITIATION OF AUXILIARY FEEDWATER SYSTEM
AFWS

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 pian to be shutdown for significant geriods (2 to 6
weeks) for various reasons (SG inspections, refueling, L¢ implementation,
etc.) sometime in the months of August or September. Therefore, these
plants should receive the highest priority since they offer the oppor-
tunity to impiement 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 information to

permit a review of their proposed implementation.

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

Immediate attention shouid be paid to the plants to be shutdown in the July
August neriod 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 apoears to be for the assigned
ICSB reviewer to promptly visit the PM te 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

“gotozzerst Iy



documented in licensee correspondence in response to the B&0 review of
AFWS in which case a bit of searching may be required to locate the
information. Drawings (P&IDs, electrical schematics and logic diagrams)
may no onger be available from the original submittals except in the
Docket 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 ai.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.
7k

R. A. Clark, Chie
Operating Reactors Branch #3
Division of Licensing



CATEGORY A

ENCLOSURE 1

Planned
Plant PM Room/Phone Shutdown

Period
Robinson 2 Neighbors 318/27037 August
Salem 1 Ross 318/27134 September
Surry 1 Neighbors 318/27037 Sentember
Turkey Point 3 Grotenhuis 319/27128 August
Millstone 2 Conner 334/27435 August
Prairie Island 1 Martin P-1122/28087 September
Oconee 1 Fairtile 3308/27{35 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.



Shutdown Scheduled Before
ORB#3 (cont’ January 1981

North Anna | December 1, Refueling

Point Beach 1 November 7
No

Prairie Is September, Refueling
January, Refueling

Lucie

Trojan

".:l

October for LS Implemen
Shutdown Ncw, Startup

Seotember for,L®

s ~ 2 ~ 4 Imr

October for L®_Img
t € Ymr
L= I

A
—_
s

-
o]
%)
o

Rancho Seco 1 No

o

T™I-1] Hearing to start

ORB#5

Ginna ( ber. Steam Gen. Inspec.
Haddam Neck

Palisades

San Onofre 1 Now down due to S
and refueling. St
before late Augus

Yankee Row Now down due to

Startup not expec




ENCLOSURE 2

Shutdown Scheduled Before Submittal Review
0Rr8#] January 1981 Status Priority
Beaver Valley Has been doug since Nov. 79. 3 o
Short term L currently under
review. Currently scheduled
startup in August.
D.C. Cook 1 o i 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 Auqust.
Salem 1 September - Refueling 1 A
Surry Sentember - Repair SG 2 B
2 Down now - startup 7/30 2 C
Turkey Point 3 Aug. or Oct. for 2 weeks for 1 A
SG inspec.
N November 1 B
Zion 1 Now under review in ICSB.
2 Implementation will be per
an Order for these plants.
ORB#3
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



ASSIGNMENT LIST
FOR
OPERATING REACTORS

DIVISION OF LICENSING

May 8, 1980

ENCLOSURE 3
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Operating Reactors Branch #1 - Steven A. Varga, Chief

C. Parrish, Licensing Assistant

Thomas M. Novak, A/D for Operating Reactors

wate: 9. niasanion on detsfl to NPS

DOCKET KO. FACILITY PRIMARY 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
- 50-280/28) Surry 1/2 Neighbors Grotenhuis
50-259/251 Turkey Point 3/4 Grotenhuis Neighbors
50-295/304 Zion 1/2 Reeves Olshan



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
50-333 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
T. Alexion (Intern)



Operating Reactors Branch #3 - Robert A. Clark, Chief
P. Kreutzer, Licensing Assistant

DOCKET NO. FACILITY PRIMARY 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 Trammel]l Engle
50-282/306 Prairie Island 1/2 Martin Sands
50-335 St. Lucie 1 Nelson Requa

50-344 Trojan Trammell Engle



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

DOCKET NO. FACILITY PRIMAPY BACKUP

8abcock & Wilcox

50-313 Arkansas | Vissing Garner

50-302 Crystal River 3 Erickson Fairtile

22

0-346 Davis-Besse Garner Vissing

50-269/270/287 Oconee 1/2/3 Fairtile Erickson
50-312 Rancho Seco Garner Vissing
£0-289 Three Mile Island | Dilanni Silver

Three Mile Island 1 (hearing) Silver Dilanni

W

Hatch 1/2 Verrelli Fairtile

Peach Bottom 2/3 Fairtile




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

Gus C. Lainas, A/D for Safety Asses$ment

DOCKET NO. FACILITY PRIMARY BACKUP
50-155 Big Rock Point (GE) Paulson Shea
50-10/237 Dresden 1/2 (GE) 0'Connor Nowicki
50-244 Ginna (W) Nowi cki Wambach
£0-213 Haddam Neck (W) Caruso Burger
50-409 Lacrosse (AC) Shea Caruso
50-245 Millstone 1 Shea Paulson
50-219 Oyster Creek (GE) Paulson Nowicki
50-255 Palisades (CE) Wambach 0'Connor
50-206 San Onofre 1 (W) Wambach Burger
50-29 Yankee Rowe (W) Burger Caruso



Southern California Edison Company

® O sOR 800

AW WALNUT GROVE AvENUE

MOSIMEAD CAL FOWNIA 91770

July 16, 1980

U S. Nuclear Regulatory Commission
Attention: Réfﬂ. Engelken, Dlrecto; - .
Office of Inspectlion and Enforcement Nt
Region V b N
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
[E 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.

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. 1In the course of our
review, it was deemed prudent to perform a partial reanalysis of
the MSLB ccre response to confirm the applicability o. 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,
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.

— 8009090 B\ A0 11



Mr. R. H. Engelken -2~ July 16, 1980

I1f you have any questions or desire further information,

please contact me.
Ve ly yours,
':;; B

M. L. Ottonon‘\d
Manager of Nuclear Operations

cc: D. M. Crutchfield (N4R)
NRC Office of Insprr .ion and Enforcement
(Washington, D. C ,
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Southern California Edison Company

" 0 08000
.04 MmALNUY QROVE Avanus
ROL "MEAD CAMIPORMIA 91770

August 4, 1980

U. S. Nuclear Regulatory Commission

Attention: R. H, !n’ol en, Director
Office of Inspection and Enforcement
Ragion

Suicte 202, Walnut Creek Plaza

1990 North California Boulevard

Walnut Creek, California 94596

Centlemen:

Subject: Docket No. 50-206
IE Bulletin 80-04, Analysis of a PWR
Main Steam Line Break With Continued
Feedwater Addiction
San Onofre Nuclear Cenerating Station

By letter dated July 16, 1980 we advised you that we
would conglnto our review and provide our response to ltem 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 vhich results f-om
a main steam line break inside or outside containment to
determine if previous cnaliotl considered all potencial water
sources and 1if the reactivity increase is greater than previous
analysis indicated.

In :ocgonlo to our request, Westinghouse reviewed
the previous analysis of core response following a main steam
line break for San Onofre Unit 1. The results of the reviev
showed that no main or auxiliary feedwater had been assumed

in the grovtoun analysis. Subsequently, Westinghouse performed
a rcanalysis of this event. The cases reanalyzed were a main
stuan line break (complete severance of a pipe) outside contain-
ment &t no load conditions with offsite power available, and an

foo!
I/&)

8008120377 IS




Mr. R. H. Engelken -2- August 4, 1980

accidental depressurization of the main steam system assoclaced
with the inadvertent opening of & single steam dump, relief, or
safety valve with offsite power available. These cases conserva-
tively assumed muin feedvater flow addition until main feedwvatar
{solation on the safety injection signal and auxiliary feedvater
runout flow initiated coincidenz 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 addicion for San Onofre Unit 1., It is expected thac the
results for other no load cases previously analyzed and full load
cases (previously shown ro be less limiting) would also be
{nsensitive to continued feodwater addicion based on Westinghouse
generic studles.

The first minute of the transient is dominated
entirely by the steam flow contribution to prlnnrz;occondary
heat tran.-er, which is che forcing function for both the
reactivity and thermal-hydraulic transients in the core. The
effect of auxiliary feedvater is minimal. The primary side
pressure, on which the low pressurizer pressure safety injection
signal is based, decays at a slightly faster racte with the
addition of auxiliary feedwater. This accelerates the safety
injection signal actuation (¢ .5 second sooner) as well as
allowing a slightly greater sufety injection flowrate with the
faster pressure decay. These two effects compensate for the
incressed cooldown rate. The overall results are, therefore,
?tgllsibly impacted with the addition of auxiliary feedwater

ow.

The auxiliary feedvater 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 ainuce,
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 systen.

Hence, the conclusions documented in the previously
submitted main steam line break cove response analysis for San
Onofre Unit 1 remain valid and applicable.

If you have any questions or desire further information,

please contact me.
Very Atuly youcs,
:}J\lzzijéf\l4\~)

H. L. Ottoson
Manager of Nuclear Operations

cc: (NRR)
ce ection and Enforcement
(Washington, D. C.)




Southern California Edison Company -

® O 80X 800
2244 NALNUT GROVE AVENLE
ROSEMEAC CALIFORN A 91770

XK P BASKIN TELESmONE
MANAGER OF NUCLEAR ENG NEER NG October 6 , 1980 54 3 B LD

SAFET Y ANLC . CENSING

Director, Office of Nuclear Reactor Regulation

Attention: 0. M. Crutchfiela, Chief
Operating Reactors Branch No. 5
Division of Licensing

U. S. Nuclear Regulatory Commission

washington, D.C. 20555

Gent lemen:

Subject: Oocket No. 50-206
Automatic Initiation of Auxiliary Feecwater System
San Onofre Nuclear Genmerating Station
unit 1

References: (1) 0. G. Eisenhut letter to J. H. Orake catec Novemper 15, 15979.
(2) 0. L. Ziemann letter toc J. H. Orake catec Decemper 21, 1575.
(3) K. P. Baskin letter to 0. G. Eisenhut catec January lé, 156C.
(4) K. P, baskin letter to 0. L. Ziemann catec April 29, 198C.
(5) 1IE Bulletin No. 8C-04 catec February 8, 1580.
(6) H. L. Ottoson letter to R. M. Engelken cated May 19, 1580.
(7) J. G. Haynes letter to 0. M. Crutchfielc catec August 8, 1S&C.

Enclosure 2 of Reference (1) proviced an NRC staff request for information
regarcing the auxiliary feeowater system (AFWS) flow reguirements at San Onofre
Unit 1. Reference (2Z) provides an NRC staff reguest for information regarcing
the applicability of current analyses of a main steam line break or main
feeawater line break assuming early initiation of auxiliary feeowater flow. In
Reference (3) it was incicatec that in orcer to supply the recuestec
information, a complete re-analysis of the applicable transients and accicents
woulc have to be performec anc it was estimated that the information coulc be
submittec by October 1, 1980. This same schecule was reiterateg in
Reference (4), and it was incicatec that the cesign cetails for the automation
of the AFwS woulc be submittec for NRC staff review by October 15, 158C.

Reference (5) was a request from the NRC Office of Inspection arg
Enforcement for information similar to that requestec by Reference (2). In
Reference (6) it was incicatec that the information requestec in Reference (5)
woula be suppliec by October 1, 1980 in conjunction with our submittal to the
NRC staff of the results of the main steam line breax re-analysis.

Aoo/
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0. M. Crutchfielc, Chief -2- October 6, 1980

In Reference (7), the NRC staff was provicec with information regarzing
the impact of the failure of the salt water cooling system on the cesign basis
loss of coolant accicent anc the main steam line break accicent. Includec in
Reference (7) was a committment to acvise the NRC staff if the above ciscussec
re-analyses, oue October 1, 198C, 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 suppliec by October 1, 1$8C. A
celay has resultec due to the repair work which is being cone on the steam
generators at San Onofre Unit 1. As a part of the amalytical effort
associateg with the steam generator repairs, it was cetermineg that the Reload
Safety Evaluation for Cycle 8 would be impactec and it was necessary to
perform re-analyses of the affectec events. Therefore, it is expectec that
the requestec information can be submittec by Decemoer 1, 1580. The ces..-
getails for the automatec auxiliary feecwater system will be provicec by
Octover 15, 1980 as incicated in Reference (4).

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

vVery truly yours,

cc: R. H. Engelken (NRC Office of Inspection and Enforcement, Region V)
Division of Reactor Uperations Inspection (NRC Office of Inspection anc
Enforcement, washington, D.C.)
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October 6, 1980

MR, O. K. NELSON

SLHJECT: Acgitionel '™l Informetion Requirements
San Onofre Nuclear Gerersting Stetion
unit |

The NMC staff hes reguestec several items cf informetion regarcing the
mocifications which heve resulted from the Tl Lessons Lsarned rsouiresents.
As previously ciscusseC with D, F, maztin Dy phone, the assisternce of tre
Engireering Lisciplines is reedec in oruer to responc to the NRC Dy the
cummitted cate. Eeun Of the tnrce items of information is Ciscussce telow.

AUXILIARY FEEDWATER SYSTEM DESIGv OETAILS

by letter categ April 29, 1580, it was inciceted that the cesiQn cetalls of
the automatically initiated suxdllary feeOwater system (AFwS), to be installec
In Jarwely, 1281, woulC te provioec to the NRC stuff Dy Coctuber L5, 1560,
Treese cesiyn cetalls shoulc inciuce the letest drawings (CON's incluced) end s
Funtionu. Jescription of tre system,

Plcase provice the requestec informetion by Octouoer 1C, 1360 to suwwport
suomittal to the NC Dy October 15, 1980,

REACTOR CODLANT SYSTEM VENTING DESIGN CETAILS

By letter cated may 22, 1980 it was incicatec thet the ceslgn cetails of the
reaCtor ccolant system vents would be proviced tc the MC staff cv Octover |,
1980, Tne NRC steff nes heen Contactec end submittal of tnis information nes
Leen Cefartec to Lototer 15, 1y8C. The cesign vetalls shou.l i .uue tre
lutest arewings (CON's inclucec) snc 8 functionsl cescription of tre system,

Flease provice the requested informetion by Cctover 10, 1SuC to sucourt
swbeittal to the NAC Dy October 15, 198C.

ALXILIARY FEEDWATER SYSTEM FLOW ANALYSLS

The letter from R, M. Verteck ceteC Septesber 12, 1960 proviocec flow
Capebilivies of the sutlumeteu Auxilliary FeeOwaler System (AFeS) to le
installeo in Jaruery, 1581 uncer cunditions of loss of mein feedwet~r (intact
system), In orger for westingrause 10 complete wnelysis 10 mesl ThL
Informetion requests, we need 10 provioe AFYS flow cepetilities uncer
Corultiivs Of Tain stean.ire Drewx (MSLE) O muin feecllne Dresk (Mu5).
Accoralingly, we Nave icentified the following eucitioral AFYS flow anelysis:



3.

Oct. 6, 1980

Lase 1 - MELE cutsice cortairment, Cetermine total flow tc SC's
assuming motor-criven suxlllary feeCwater puag Fecling 2 'S
throuyh 4 FLV's at O psig SU pressure.

CaSt 2 = MOLL insice contalrment. QDetemmine tote. Tlow to 3 SG's
through 4 FCv's at 50 psig <G pressure for:

a. @Ctor-driven pump only
. steam-criven oumg only
C. Luth pumps coerating.

Cese 3 - Lo outsive contairment, Oetermine totel ficw to SG's
eSSUMING MOTOr-CIiven suxillary feecwater pump feecing 2 5G's at O
Os.g S0 pressurz onC 1 auxillery feecCwater Jlne Sgiiling Lo
atmospirere ot U psig essuming tre 4 FOV's remain fully cpen., hRepeast
assuming auxillar, feecwoter is lsolateU froe the Liees (Uperetor
action to close 2 FLV's in spilling suxiliary feecweter lire).

Te te consistent with the NRC committec swbmittel cate (Lecemver 1, l9e0) and
westinghouse need Cates, please provice the infcrmetion by October 15, 196C.

If you nave any questions or Oesire scoitiorel information, please contact me.

¢ec: D, F.

§ ‘. J'

: £ da
Q{“f K., W,
A
R, .,
K, M,
N FL

W, C. MOCOY

Martin

grougn

Donovarve., G. Flournoy
wrieger/KR. Ornelas
SNEeNCrikal

Kaek O

reiNeEch

Evans

ley
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Southern California Edison Company Y

P O BOX 800
2248 NALNUT GAROVE AVENLE
RCSEMEAD CALIFORNIA 31770

K P BASKIN TELESmONE
MANAGER CF NYC L EAR ENG NEEA NG 3: 972 188

SAsET vy ANC CENSING october 16' lgw

Director, Office of Nuclear Reactor Regulation
Attention: D. M. Crutchfield, Chief
Operating Reactors Branch #5
Division of Licensing
U. §. Nuclear Regulatory Commission
Washington, D. C. 20555

Gentlemen:

Subject: Docket No. 50-206
Dcsigg 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.
Acgogdingly. the required information is provided in Enclosures 1
an .

It should be noted that the information provided in this
3ubmi§6a11;ggersedcs the information provided in our letter dated
une b b

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

Very truly yours,

Y P sk

Enclosures

QG%V o

~;01ozc4354 f
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ENCLOSURE 1
AFwS DESIGN DETAILS
SAN ONOFRE UNIT 1

Introguction

The Auxiliary Feeowater System (AFwS) will be mocifiec to achieve
automatic initiation of both the turbine anc motor crivem pumgs, remote
flow control capability anc recuncanrt pump cischarge trains. Tre
proposec system is shown on enclosed crawing Sk-10-14-8C.

System Description

The steam criven pump (G-10) will be providec with all automstically
operatec valves required to start the turbine. A pneumatically operatec
on-off valve (Cv 3201) will be installec cownstream of existing pressure
recucing valve (Cv 113), in lire 69-3-EC. The existing manual valve will
be retairec. Isolation valves are provicec to allow maintenarce or the
preumatic valve. A orificec continuous crain anc an intermittent crain
contrcilec oy a solencic valve (SV 3Zll) are provicec upstream of

Cv 32Cl. An orificec bypass controllec by solenoic valve SV 3200 or 3
manrus. valve is provicec for turbire warmeup. The turbine crains are
orificec continuous crains and are routec down to s sump. In parallel
with these crains sclencic valves (Sv 3202, Sv 32C3, anc SV 22C4) are
provicec in lines routec out cf the turbine tuilaing., This arre . gement
allcws nigh rate craining curing turbine warm-up anc also pr . iges a
turbine crain system without water pockets.

A pump cocling water supply is comtrollec by solencic valve Sv 2205. At
the suction of pump G-1C, a fire water connection for back-up cooling
water is proviceg.

On the cischarge of motor criven pump G-10S, 2 motcr operatec Cischarge
valve (MOV 1202) will be installed. Cn the cischarge of the turpinre
criven pump G-10, 8 prneumatically operatea valve (CV 3203) will be
installec. Pumg G-10S also has a motor operatec valve (MOV 1204)
cischarging to the main feecwater line downstream of feeowater neater
E-6E. Incivicual discharge lines 397A-4"-EG anc 38lA-4"-EG are provicec
from the pumps to the control valve manifolc. At the control valve
manifoic each cischarge line splits into three lines. Each of the six
lires is provicec witn an isolation valve anc a checx valve. The six
lines are then recombinec into three lines 381A-3"-EG, 281B-3"-EGC, anc
381C-3"-EC s0 that ooth pumps sre capable of provicing ficw to each steam
generator. Eacn of the three lines has a flow element (FE 3453, FE 3454,
anc FE 3455) to provice flow incication in tre control room. Four
remotely operatec control valves (FCV 3300, FCv 3301, FCV 2300, anc FCV
23Cl) are provicec in the three lires. The valves are arrangec so that
lines 381P-3"-EC ang 381C-3"-EC each have one valve, anc that line
38lg-3"-EC has two valves.



Dcwnstream of the control valves, check valves anc isolation valves are
providec in eacn lire. The lines are then cornectec to the three main
feecwater lines.

The system cesign anc msterials will meet the original system gcesign
specifications anc coce.

Ii1. System Cperaticn

M.

Automatic Initiation Logic

The AFWS has the capability to be initiatec automatically or remote
manually from the Main Control Room (MCR). Local manual control
capability of tre system is retairec. Automatic initiation is basec
on & low steam generator level signal processec from the newly
instsllec level transmitters associatec with each of the steam
generators.

In order tc avcic any spuricus arg unwanteg actuaticns, the
automatic initiation lcgic will be basec on a two out of three (2/3)
lcw level sicral logic. Remote manual initistion is accomclishea by
manual actuaticn of a control switch in the MCR. Appropriate
incication anc arnunciztion is proviceu in the MRC when automatic ¢
manual Iinitiation of the AFw system occurs. In accition, remote
contrel capsoility to operate comporents of tre cystem from the MCR
are provicec.

The AFwS ccrsists of ingepercert anc recuncsrt oumt arc valve treins
provicing AFw flow to the steam gererators. The automatic
iritiation sigrals ano circuits are cesigrec such that a single
failure will not result in the loss of AFWS function.

Each of the automatic initiating circuits which sre powereg from
statlion vital power sources receives ingepencent signals from the
level transmitters associatec with each cf the steam generstors.,

The level transmitters supply signals to the logic rack installec in
the MCR area, where a low level signel anc s 2/3 logic is

develcpec. A contrcl boarc in the MCR provices monitoring anc
manual control capavility of the system. when the steam generstor
low level sicnal through 2/3 logic is initiatea, the operator will
be informec tnrough aporopriste status incication anc ammuncistior
in the MCR. Hhowever no operator action is required to imitiate f.ow
since the system is automatically initiatec. AFW flow to esch o
the steam generators is controllec remote manually by throttling the
KFw flew control valves. Appreoriate ammurcistior :s provicec
alerting the operator that the system has been automatically
initiateo anc trat flow to the steam generstors snoulc te trrott'ec
Dy the operator. The logic is cesigred such that once the autometic
sigral is initiatec, actuation will cccur arc the system will rem:in
in tne actuation moce until the system is reset when the steam




3

generators achieve normal level. In case the automatic system
fails, a system level manual initiation will achieve the same
function. This system level manual anc automatic initiastion
capability is ingepencent of inoivicusl component control capability
from the MCR.

motor Oriven Pump

The motor criven pump GICS anc mctor cperatec coitrol valve MOV-12C2
are cesignec to operate automatically upon receipt of tne automatic
initiation sigral. when the system is in the asuto moce, upcn
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 tnhrough the pre-positionec flow cortrol valves without
any operator intervention. The pump anc the cischarge valves are
powerec frcm the emergency buses anc are part of simultarecus or
sequential loacing uncer postulatec concditions. Under a loss of
power (LOP) congition, the pumo will trip ang the valve will fail as
is. Upon resumption of power, tre pump will automstically start
after a <0-seconc time celay if tre cemang is present. The vaive
will remain in its last position anc thus, flow will resume as the
pump builcs speec. Uncer the concition SIS occurs simultaneously
with LCP, the 20-seconc time celay provices sequential lcaging of
the pump cn the emergency oLses.

If manual control is recuirec, the operztor can select the manmual
operating mcce from tre suxiliary feecwater panel. In this moce,
the system will remain cperating without crange. However, the
operator cen start or stop the pumg anc/Or Ogen Or ci0se the MOV
1202 manvally.

The pump is provicec with a pump suction pressure senscr to trip the
pump in the event of low suction pressure. The pump is trippec when
in the automatic moce anc a3 low suction pressure signal is present
for longer than 20 seconcs.

Steam Oriven Pump

The steam criven pump GIC, turbine contrel valves, anc pump
cischarge contrecl valves Cv-2212 are cesignec to cperate
avtomatically on cemanc of the asuxilisry feecwater initistior
eignal. when the system is in the auto moce anc in receipt of the
suxiliary feecwater actuation signal, the following everts will
occur:

- The lute oil cecler water supply valve is openrec to provice
cocling water to the pump, simultareously;
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The main steam crain valves are opered for ten seconds to cdrain
the congensate out of the main steam line. After the lirme nas
hac ten seconds to drain, the valves are automatically closec,
then;

The mein steam bypass valve (mountec in parallel with the main
steam valve) is openec to preheat the turbine. After a
sufficiet prereat perioc, the mair steam valve is operec at a
contrellec rate.

Once the mair steam valve is openec, the crain valves on the
turbine steam thest are closec ang the steam turbine is
operatec at fulil power unger govermor control. Pesitive
position inmgicatiorn is provicec on 21l valves to provice valve
position cn the zuxiliary feecwater control parel in the main
control room. A position switch is also provided at the steam
speec gcverncr control station, This switch will alert the
operator in the event that the turtine has trippec on overspeec.

ufter tre main steam valve is fully cperec, tne pump cischarge
valve Cv 3213 is openec. This will start the auxiliary
feecwatsr flow to the steam generatcr through the prepositicrec
flow control valves.

For the turcire orivern pump train tre cperstor can select tre
manual operat.~g mcce from the auxiliary feeawater panel. In
tris mcce, t~e system »ill remain cperating witn nc charge
urtil the cperator tares celiberate action. Once tre system
has been placec in the manual mcce, the operator carm start or
stop the pump in an automatic time sequence or he can
manipulate any of the seven valves manually. The punp is
provicec with a pump suction nressure senscr to trip the pump
in the event of low suction pressure. The pump is trippec when
in the automatic moce anc a low suction pressure signal is
present for longer than 20 seconds.

Accitional manual backup is provicec locally at the pump. All
valvee have been provicec with manual overrice or separaste
manual bypass valves.

The coperation of the steam criven pump anc associatec valve
train is incepencent of otfsite or onsite AC power.






ENCLCSURE 2
RCS VENTING SYSTEM CESIGN DETAILS
SAN ONOFRE WNIT 1

Introouction

The Reacter Coolant System vents (RCSV) are cesignec to vent
nonconcensible cases from the reactor heac, hot legs A and E, ang the
press.rizer. Tne prcposec system is shown on enclosec crawing SK-7-15-8C.

I1. System Description

The reactor vessel hesc is proviceo with recuncant sets of vent ang block
valve comoinations. The configuration consists of two parallel block
valves (Sv 2401 anc SV 2402) in series with two perallel vent valves (Sv
24C1 ang SV 3401). The pressurizer venting system similarly consists of
two parallel olock valves (Sv 2404 ang SV 3404, in series with two
parallel vent valves (Sv 2403 anc¢ SV 24C3). This arrangement provices
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 sclonoic cperstec with positive positiorn imgication
provicec in the mainm contrel room (MCR). Altnough not requirec per the
lesscns learmec recuirements, eacr venting lccatich is provicec with
recuncant valves to assure venting when gesirec as well &s to avcic
uncesirec possibility of a velve ceing stuck cgen.

Each set of block ang vent valves is powerec from reguncant emergency
power ouses (vital A.C.). The resctor hesr venting system valves SV 2aC2
anc SV 34C2 anc pressurizer venting valves SV 2404 ang SV 34C4 are
powerec from vital AC cerivec from OC ous 1, whereas valves SV Z4(C. ang
SV 340] associatec with the reactor heac venting anc valves SV 2404 anc
SV 340« associated with the pressurizer venting are powerec from vitsl AC
cgeriveg from OC bus 2. This powering arrangement will always assure
opening anc closing of the vent lines when Cesirec.

The valves are cualifiec to the latest regulatery and industry stancarcs
requirements anc their qualification is on file.

As requirec by MUREG-0578, as clarifiec, leakage cetection must be
sufficient tc icgentify the leakage through the vent system, Since the
system cesign includes rositive positiun incication for esch vent valve
anc tie leskage path is eitrmer to other clcsec systems or cirectly to the
containment, leakage through the vent systems can be jcentifiec as
cescribec in Section 3.1.4 of the Sen Orofre Urit 1 Tecnnical
Specifications.




I11. System ration

The RCSV is cesigrec to limit flow to less than 90 gpm. This cesign
allows the venting of approximately 42,000 SCFH. This is the amount of
H» producec ouring the first 4€ hours following an sccicent, assuming
I;S core metal-water reaction per westinghouse report WCAP-3636.

To eliminate imacvertent cperation, the system cesign recuires that the
operator first emergize the vaive train then separately open each vent
anc tlock valve. Thus three separate operations are requirec to
accomplish venting. The operator also has a choice of cirecting the
ventec gases either to the pressurizer relief tarmk 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
girectlv to containment. Aocitionally, since the tank has a rupture cisk
set at 7 psi, this route can alsc be used to vent to containment snculc
the other block valve fail. The vent path to contaimment incluces a 10"
ciameter flash pot to separate liguic anc vapor.
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Southern California Edison Compary

& 2 80X 800
2244 WALNUY SROVE AVENLUE
ROSEMEAD CAL FORNIA 91770

K P BASHIN TELEPON

L CAR NG NET A NG N 872 L

8w, AND L CENSND 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
Unitc 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 e%fort 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 Yreviously
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,

WP frk 1

%

b P



MANALES O

Sars

Ve

Southern California Edison Company

» QO #Cx a9
2244 WALNUT GROVE AVENLUE
ROSEMEAD CAL FORNIA 31770

K P BASKIN Shadeuen s
NUl EAR ENG N NG LT s

v ARG L CENSING December 5, 1980

Director, Office of Nuclear Reactor Regulation
Attention: D. M. Crutchfield, Chief
Operating Reactors Branch No. 5
Division of Liccnsing
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:

Subject: Docket No. 50-206
NRC Requested Information
San O?Oft. Nuclear Generating Station
Unit

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 automacini 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,

KL freski floo!

i3 5'17 p
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Southern California Edison Company

P O BOX 800
2244 WALNUT GROVE AVENUE
NOSEMEAD CAL FORNIA 91770
K P BASKIN T eewong

ety aha vamemne January 5, 1981 ¥

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

Gent lemen:

Subject: Docket No. 50-206
Clarification of TMI Action Plan Regquirements
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
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 justitication for delay ana 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:

B.1 Reactor Coolant System Vents <

.B.2 Design Review of Plant Shielaing and Environmental Qualification of
Equipment For Spaces/Systems Which May Be Used In Post Accident
Operations

I,
Il

11.8.3 Post Accident Sampling Capability
I1.,F.1, Attachment 1, Noble Gas Effluent Monitor
II.F.1, Attachment 2, Sampling and Analysis of Plant Effluents
I1.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 \
5\0
1
10118093‘1

——

e



D. M. Crutchfield, Chief L= January 5, 1981

The implementation of these TMI Action Plan Requirements is targeted
for complietion by July 1, 1982 (11.8.1) and January 1, 1982 (11.8.2, 11.B.3
and II.F.1, Attachments 1 through 6) as required. However, a precise
completion date cannot be established u 1) the current steam generator repair
is completed and San Onofre Unit 1 resumes power operation. Following
completion of the steam generator repair, it is expected that operation of San
Onofre Unit 1 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.

ACCuiu...yly, 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 the
interim,

[1.E.1.1 Auxiliary Feedwater System Evaluation

By letter dated November 15, 1979, “he NRC fgentified short-term and
long-term recommendations to upgrade the Auxiliary Feeawater System (AFWS .,
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
recommendations 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 integiated 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
[1.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 I1.E.1.2 of NUREG-0737 will assure that the AFWS will pertorm
its intended function to mitigate the conseguences of design basis events as
described 1n the safety analysis report. In addition, upon completion of the
modification to the AFWS to meet the requirements of I1.E.1.2 of NUREG-0737,
we will terminate the stationing of an operator to promptly initiate adeguate
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 1s not automated.



D. M. Crutchfield, Chief «3- January 5, 1981

[1.,E.1.2, Part 2, Auxiliary rFeedwater System Flowrate Indication

As discussed in our October 16, 1980 letter, the flowrate inaication
and control system utilizes one narrow-range steam generator level indicator
in conjunction with one AFWS flowrate indicator per steam generator. The
design concep. 1s 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 qualified 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,

U///XI.E.d.Z Containment Isolation Deperdability

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,

L////II.F.Z Instrumentation For Detection Of Inadequate Core Cooling

Our March 25, 1980 letter clarified our position regarding the need
for adaitional instrumentation for inadequate core cocling (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
warranted. Therefore, no additional instrumentation is scheauled for
installation by January 1, 1982, as requirea by NUREG-0737.

b/// I1.K,3.2 Report On Overal) Safety Effect Of Power-Operated Relief Valve
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
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 I1.K.3.1 of NUREG-0737.
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I1.K.3.5 Automatic Trip Of Reactor Coolant Pumps During Loss-0f-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 1imits,

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 Report
b/// and 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-ccnsuming process of data qathering, 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, 1f determined to be appropriate, to improve the availability of the
emergency core cooling systems.

San Onofre Unit 1 is currently shutdown for steam generatcr 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

"////Io1lou1ng the steam generator repair.
J11.0.3.4 Control Room Habitability Requirements
A preliminary evaluation of control room habitability using the
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,
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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 Staff nas
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,

/ 7
Subscribed on this 5 day of [z ..~ , 1981,

fVery truly yours,
SOUTHERN CALIFORNIA EDISON COMPANY

By %%; Ef/) !Edi Iﬁ‘ .
. P. Baskin

Manager of Nuclear Engineering,
Safety, and Licensing

Subscribed and Swors to before me on

this 5°<" day of Lrac ity » 1981

/4 : {(:LL£ﬂ<:LL1L-
Notai? iubirc in and for the County

of Los Angeles, State of California
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SAFETY ANDG LICENSING Jarlllary 14, 1981

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
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Gentlemen:

$3214

Subject: Docket No. 50-206
Main Steam Line Piping Integrity Evaluation
San Onofre Nuclear Generating Station
Unit 1

.-

{g 1! i,
N\

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
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, 19E0.

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
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.
‘p\
‘?\‘9\\0
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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.

Very truly yours,

o

Enclosures
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INTEGRITY EVALUATION OF SAN ONOFRE UNIT !
MAIN STEA LINE PIPE

1. INTROOUCTION

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
circunferential (guillotine) breaks in which the pipe is assumed to rupture

along the full circumference of the pipe. This can result in overly conserva-
tive stean pressure loading in the containment, It {s, therefore, highly de-

sirable to be realistic in the postulation of main steam line breaks. Pre-
sented in this report {s the result of an anlaytical study carried out toward
establishing that a non-mechanistic type break will not occur within the main
steam 1ine and, therefore, possibility of conuimnt structure overpressuriza-
tion will be precluded.

1.2 Scope and Cbiective

The general purpose of this {nvestigation {s to show that a circunferential
flaw which {s larger than any flaw that would be present in the main steam
line s stable under the worst combinatfon of plant loadings. The fracture
criteria proposed for the analysis will examine the local and global stabflfty.
The global analysis {s carried out by performing 2 static elastic-plastic
finite element analysis of a straight plece of the main steam line pipe con-
taining a circumferential flaw and subjected to {nternal Dressure and ex-
ternal loading. ADINA (1-1) computer code s used for mc%clmt
analysis. The elastic-plastic finite element analysis results are used to ob-
tain an estimate for the J integral, which {s required for the local stability

evaluaticn,

1.1
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2.

INITIAL FLAW

It 1s well known that fnitial flaw"geometry {s one of the three pieces of funda-
menta) data needed for a fracture mechanics evaluation of a given component. The
other two data are stress field and material properties. Concefvably, the
fnitial flaw geometry to be assumed in a fracture mechanics evaluation of

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

testing and faspection, One of the rational means of establishing an --
fnftfal flaw geomatry 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 inftfal flaw size,
given the probability of missing (or detection of) a given size flaw. The
probabi1ity of missing a very small flaw will be nearly unity whereas the
probability of missing a through-wall flaw will be nearly zero. Contrarily
the probability of detection of a very small flaw and a through wall flaw
would be nearly zero and unity, respectively. However, no data quantifying
these probabilities 1s yet available for main steam line piping.

Il

Although examination and 1nqﬁ9ktion experiences do not tell us anything

about the size of flaws that have been missed, these experiences do

provide some qualitative fdeas about the sfizes. The ASME Bofler and Pressure
Vesse! Code (BPVC) Sectfon XI (2-1) specifies that flaws longer than 1/4
inch and deeper than 9 percent of the pipe wall shall be repaired during
preservice examination. Similarly, 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 1f one assumes that the largest {nitial
crack 1s & semielliptical 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 1ife of the
plant,

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

*Flaw and crack are used interchangeably aid mean the same in fracture
mechanics evaluation.

2-1




Probabilfity

Probability of Detection

Probability of Missing A Given
Size Flaw

Flaw Size, W/t ' 1

Figure 2.1 Schematic I1lustration of Probability Assoclated
with Detecting or Missing a Given Size Flaw.
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Ry = 11,516°

Figure 2.2 - Flaw Shape and Size
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MATERIAL PROPERTIES

The MSL pipe s made of SA1C6 Gr B 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 those properties.

In order to perform 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

Property (S00°F)

Materfal SA1068

Modulus (psi)

Young's Modulus (psi) 26.4 x 106
Poisson's Ratfo 0.3
Y{ield Point (psi) 28300
Strain hardening 0.268 x 10°

3-2
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4, FOOLINE ARITEmtR P PLEC PIPES

4.1 General Considerations

Linear elastic fracture mechanics has been accepted as a basis for establishing
the fracturs capacity of structures made of high-strength low-toughness materials.
Active research is being carried on in fndustry, universities as well as other
research organizations to establish fracture criteria for ductile materfals.
Criteria, being investigated, fnclude those based on J integral inftiation
toughness, equivalent energy, crack opening displacement, crack opening stretch,
crack opening angle, net-section yield, tearing modulus and veid nucleation.
Several of these criterfa are discussed in a recent ASTN publication [4-1].

A practical approach based on the ability to obtain material properties and

to make calculations using the available tools, was used in selecting the
criteria for this fnvestigation. The ultimate objective 1s to show that the
secondary pipe containing 2 conservatively assumed circumferential through-wall
flaw is stable under the worst combination of postulated and operating condi-
tion loads within acceptable engineering accuracy. With this viewpoint, two
mechanisms of failure, namely, local and global faflure mechanisms should be

considered.

4.2 Global Fa'lyre Mechanism

For a tough ductile materfal 1{f one assumes that the material {s notch insen-
sitive, then the global failure will be governed by plastic Toad. Extensive
1{terature s available on this subject. The recent PVRC study [4-2], in
critically reviewing the 1iterature as well as data from several hundred

tests on pressure vessel hea'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 1s shown in Figure 4.1, For a given geometry and loading, the plastic
load {s defined to be the oeak load reached n a generalized load versus
displacement plot and corresponds to the point of {nstability.

4.




A sirplificd version of this eriterion, nerely, net section yleld crise ‘==
has been successfully used in the prediction of the load carrying capacity
of pipes containing gross size through-wall flaws [&2] and wvas found to
correlate well with experiment. This criterfon can be surmarized by the fol-
Towing relationship:

Wa < Wp (¢-1)
where Wa « applied generalized load
¥p = calculated generalized plastic load

In this report, Wp will be obtained by an elastic-plastic finfte element analy-
sis of the pipe containing & given sfze flaw. For & plpe with high %ntio
and ductile material, the global fatlure will be the governing machanism of
fallure (4-2). For the sfze of Inftfal flaw proposed in section 2, 1t {3
expected that the global plastic load will give a more realistic estimate

of the ultimate strength than that provided by the local criterfa (f.e. J
integral) based loads.

4.3 Local Failure Mechanism

The Tocal mechanisa of failure s primarily dominated by the crack tip behavior

in terms of crack-tip blunting, fnftfation, extension and finally crack fnstabilfty
Depending on the materfal properties and geometry of the pipe, flaw sfze, shape

and Toading, the local failure mechanisms fay Or may not govern the yltimate
fatlure,

The stabflfty will be assumed 1f the crack does not fnitfate at a1, It has
been accepted that the fnitfation toughness, measured In terms of "IN from a
J-integral resistance curve s & materfa) parameter defining the crack inftfa-
tion. 1If, for a gfven load, the calculated Jeintegral value s shown to

be Tess than J" of the materfal, then the crack will not inftiate.

4-2
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17 the Initiztien eritericn 13 net ret, one can calculate the tearing mocu-

lus as ¢efined by the follcuing relaticn,

4) £
T * @ X

where T‘” e applied tearing modulus

E = modulus of elasticity

o * flow stress » (a, . eu)lz

a = crack length
o0, * yleld and ultimate strergth of the materfal,

respectively.

(4-2)

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

criteria:

Je«dpy

T

app ¢ Toat* ¥ % Jqn

(4-3)
(4-4)

POUR ORIGINAL
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FIGURE 4.1 Typical Load - Deformation Behavior
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5.1 Static Analysis of Precracked Pipe

The objective of the finite element analysis i3 tc compute the response to
applied 0ad on the main steam 1ine pipe. The geometry of the pipe and the
loadings are shown in Figure S.1, The loadings consist of {nternal pres-
sure, external bending moment and axial force due to internal pressure
acting on the closed end of the pipe.

The length of the main stean line was chosen to be 187 inches. A circum- -
ferential through wall 10 inches long crack was postulated and used in

the model. Taking advantage of the symmetry, one quarter of the pipe was

modeled. Three dimensional varfable node {soparametric shell elements

were used to mode)l the pipe. Elements were defined by the mid surface

node spec!fication, Efght node elements were specified in the vicinty

of the crack and four node elements were used dvay from the crack.

Five node (mixed) elaments were used for transition, Figure 5-2 shows

the fiaite elerent mode] used in the analysis. Figure S-3 shows the area

{n the vicinity of the crack.

The material representing the model pipe was assumed to obay von Mises’
yleld condition and {sotropic hardening law. Values of 26.4 x 10’ ksi,
2.68 x 102 ks{ and 28.3 ksi were used, respectively, for elastic modulus,
strain hardening modulus and yield strength.

In performing the elastic-plastic finite element analyses the steam pres-
sure of 710 psia §-1] and the assocfated axfal Toads were applied in 4 equal
steps. An external bending moment of 10580 {n-kips was then superimposed
fn 7 equal steps while the pressure was mafntained coostant. The stiffness
was reformulated at every Jrd loading step.

The maximum external moment load of 10580 in-kips used fn ADINA calculations
is a factor of 3.6 greater than the maximum applied moment of 2880 1n-kips[s‘z
on the main steam line pipe. This applied moment includes the thermal ex-
pansion moment, moment due to dead weight, design basis earthquake and
turbine valve closure. Figure S-4 shows the variation of pipe end slope

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

S-i!
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Figure 52 Finite Element Model

5-3



m L LT T

Figure 5-3 Details of Finite Element Model in the Yicinity of Crack
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6.1 Global Criteria

The general global criterion specified in section &2 requires that

e ¥y (¢1)

where W  © applied generalized load
Hp » calculated generalized plastic load.

For the static loading, ADINA finite element elastic plastic calculations
show that the moment carrying capacity of the maia steanm 1ine pipe containing
a 10 inch through wall circumferential flaw s at least 10580 {n-kips for

a given steam prassure of 710 psi.

The generalized plastic load Hp is then at least 10580 in-kips for the
given pressure of 710 psi. The applied generalized load W, fs 2880 in-kips
for a given pressure of 710 psi. Therefore, the critarion given by equa-
tion 4-1 1s satisfied.

6.2 Local Criteria

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

An estimate for the J integral can be obtained based on the following
approximate relation, using the finite element 8747 sis results:

3o Brlee?+ €8] (6-1)

where c..ap e glastic and plastic displacement of the guarter-noint node tehind
the crack tip, respectively.

r = distance betueen crack tip and the quarter-point node

E1 - E, E/l-vzfor plane stress and plane strain, respectively.

ET e Strain-hardening modulus.
LT




1t should Be noted that the above expression g strictly applicable only
to & crach 1n & two-diransicral bilirzar elastic recic=, Cne would ex-

pect that this would give reasonable esticate for (he bilinear elastic-

plastic case whare unloading does not occur.

For the present case, the J-integral value of 51 m.n/mz is ob--
tained corresponding to & toad of U4 in-kips using equation (6-1).
Since the maxim= applied generalized Toad [S-2] 1s 2280 in-kips (<3034)
this caleulated O integra! value of §1 in-10/1n" can be considered as the
saximum resulting J from the applied loads.

The value of “!! for the SAT1068 1s available at 425°F and varies
batween 678 1n-16/1n¢ (6=1) and 1096 1n-1b/1n% (unpublithad Westinghouse
results). Claarly, the calculated J value of 51 in-lblinz is very small
compared to Jy\. Therefore, equation (4-2) {s satisfied.

6.2




7. SIEZUARY AND CONCLUSICHS
7.] Suwary

The objactive of this fnvestication was to examine mechanistically, under
realistic and yet sufficiently conservative assumptions, whather a crack
which was assuped to appear instantaneously, in the main staam 1ine pipe
of San-Onofre Unit 1, would becoms unstable and Tead to a full circum-
ferentia) bresk when subjected to the worst possible combination of plant
loadings. The scopa of this fnvestigation included:

o Postulating a circumferential through-wall flaw.

o Performing static elastic-plastic finite element analysis of the
cracked pipe using the ADINA Code.

o Evaluation of global criterfa besed on plastic fnstadbility load.
o “btain an estimate of J integral to evaluate the local criterfon.

7.2 Conclusions
Based on the analysis the following conclusions are drawn.

a A 10 1nch long through wall circumferential flaw in the main steam
1ine pipe will be stable globally and locally.

e Under the worst combination of loadings including the effects cf
design basis earthquake, thermal expansion, dead waight and turbine valve

closure, & realistically postulated flaw will not propagate around the
circumference and cause a guiilotine break.

7.1
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This report has been tachnically reviewed and the calculations checked.
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ABSTRACT

A fatigue crack growth evaluation for the San Onofre Unit | main steam line pipe
fs presented in this report. The analysis {s 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
fatlure 13 basically a stress intensity factor consideration in which
criteria are established for fracture instability in the presence of a
crack-11ke 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
structure being evaluated. By using the stress intensity factor, “I'
a1l pertinent varfables (flaw size, structural geometry and nominal
stress) can be condensed into one parameter.

A necessary ingredient in the concept of fracture mechanics 1s 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 1ife from the initfal state.

This growth 1s a result of varfations 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 inftial crack size.

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 1ine with a postulated cir-
cumferential flaw. Since a circumferential flaw represents the most severe
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 by Section XI, Appendix A of the ASME Bofler

and Fressure Vesse] Code" “. The analysis procedure involves assuming an
fnftial 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
aKys by the following relation:

= colax)" (1-1)

where 'co' and the exponent “n* are functions of materfal properties.

1«1



The 1nput required for a fatigy: crack growth analysis 1s basically
the information necessary to calculate the parameter 8K, which de-
pends on crack and structure geometry and the range of applied
stresses in the area where the crack exists. Once ‘Kl 1s calculated,
the growth due to that particular cycle can be calculated by equation
(1-1). This increment of growth {s then added to the original crack
size, and the analysis proceeds to the next transient. The procedure
is continued 1n this manner until all the transients known to occur
in the perfod of evaluation have been analyzed.

Crack tip stress intensity factors are calculated using semi-elliptic
surface flaw expressions. Mechanical stresses and the thermal stress
distribution through the thi kness of the pipe are used in the calcu-
lation of the strass intensity factor Kl.

The technique presented in this report s to determine 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.



SECTION 2
THERMAL AND STRESS ANALYSIS

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

2-1 ASSUMPTIONS

The geometry of the main steam line {s shown in figure 2-1. The interfor sur-
face of the pipe 1s in contact with the steam, and the resulting heat transfer
coefficient 1s estimated as 400 Btu/hr-ftz-'r based on the Dittus-Boe!l tortz]
forced convection correlation for all of the reactor design transients. The
outside surface 1s assumed to be insulated. ;

2-2 THERMAL ANALYSIS - TEMPERATURES AND STRESSES

The heat transfer analysis for each of the transients was carried out by an
explicit finite difference heat transfer mnymm. The temperature profiles
generated by this analysis were then used to calculate thermal stresses. The
equations for thermal stress in a hollow cylinder from Timoshenko and Goodicr[‘]
were used:

radial stress = o, * (%5 )-‘2 (5;-;-‘12- {b Trdr = [r‘rrdr) (2-1)
d Vot b -a

of \ 1 2+ a? p 4 2
tangentfal stress ® o, * (35) 5 (=3 [ Trdr ¢ [ Trdr - Tr%) (2-2)
2

r b =-a"

axfal stress = o * (?-Ev) (;!—f-:z— .)TMF -T) (2-3)

where r = radial position
T = temperature as function of r; T«T(r)
a = {nner radius of the pipe
b = outer radius of the pipe
v = Poisson ratio

af = the product of the coefficient of thermal expansion and the
modulus of Elasticity

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

2-3 MECHANICAL STRESS ANALYSIS

The mechanical loading for the pipe results cnly from interial pressure, and since
this 1s not a discontinuity region, the resulting stresses in the steam line were
calculated 1n closed form:

2, 42
o, *? :f,-’—lz-)-) (2-4)

-2
' . p -2-.i_ (2‘5)
ho (bZ .2)
2
2-6
“ay ", P '(?!.—.77 e

where
P = {nternal pressure

4 * {nner wal! radius
b = outer wall radius
o, * hoop stress

., ° axfal stress

{ = {nside surface
0 = outside surface

The thermal and mechanical stresses are combined, and then linearized through
the steam 1ire wall thickness to allow for calculation of the applied stress
fntensity 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 B. Table 2-1 1ists the mechanical and physical properties from ASME Section
nx["’] used 1n the analysis,
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TABLE 2-1

MATERIAL PROPERTIES

l Property (500°F)

Material SA106 Grade B

Young's Modulus (psi)

Density (lblin.z)

Conductivity (Btu/hr-in.-*F)
Heat Capacity (Btu/1b-*F)

Coefficient of Thermal Expansion
(in/1n.=*F)

Poisson's Ratio

26.4 x 10°

0.281

2.217

0.132

8.18 x 1078

0.30

2-4




SECTION 3
DESIGN TRANSIEN.S

The design transients used in the fatigue 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 varfous operating
conditions in the plant. These are representative of transfent 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
used as a basis for component fatigue evaluation, provide confidence that the
component is appropriate for its application over the design 1ife of the plant.

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 1ife of the plant. The assumed schedular distribution of the reactor
operating transients is shown in table 3-2.

3-1




TABLE 3-1
SECONARY SIDE DESIGN TRANSIENTS

TRANSIENT NUMBER OF QCCURRENCES
Hot Standby 18300
Plant Loading and Unloading 18300
at 5% of Full Power/Minute
Small Step Load Increase & Decrease 2000
Large Step Load Decrease 200
Loss of Puwer 40
Partial Loss of Flow 80
Loss of Load 80
Reactor Trip 400
TEST CONDITIONS
Secondary Side Cold Hydro -



£t

TABLE 3-2

SCHEDULE OF SECONDARY SIDE OPERATING TWSIENTS[‘]

TRANSLENT NUMBER OF OCCURRENCES
5 Events 2 Events 1 Event 1 Every
Per Year Per Year Per Year Ath Year
Hot Standby 9 1 - 2
Plant Loading and 9 1 - 2
Unloading at 5% of
Full Power/Minute
Smal] Step Load Increase 10 - - -
& Decrease
Large Step Load Decrease M - - -
Loss of Power - - 1 -
Partial Loss of Flow - 1 - -
Loss of Load - 1 - -
Reactor Trip 2 - - -

e ——

[a] This table does not include preoperational test cycles since they occur

prior to plant operation.
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SECTION 4
STRESS INTENSITY FACTOR CALCULATIONS

This section describes the method of calculating the stress intensity factor Ky
using membrane and bending stresses. The stresses are determined by stress
analysis as described in Sectfon 3. Stresses resulting from pressure and thermal
transients are considered in calculating the stress intensity factors. The
actual stress distribution through the pipe wall 1s conservatively approximated
by using the linearization technique fllustrated 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 {nch have been in-
cluded to determine the sensitivity of the results to the inftial assumed flaw
depth. The fnftfal flaw depth of 0.375 inch represents a 39% through wall flaw.
A semielliptical configuration with length-to-depth ratfo of six and {ts major
axis on the surface is assumed for the shape of the flaw as shown by figure 4-2.

4-1 Ky EXPRESSION

The stress intensity factor Kx at the point of max‘mum depth s calculated from
the membrane and bending stresses using the following equation from Section X! of
the ASME Codo[']:

Ky /a—' (0g M * % M) (4=1)
where
on' b membrane and bending stress, respectively
B e minor semiaxis (flaw depth)
Q e flaw shape parameter ‘ncluding a plastic zone correction
factor for plane strain conditions, (see figure 4-13).
o« [0 2. 0.212 (0/0,0)%)

Q " 3 ys

v/2 2 2
" il J/:-(g-:!ﬁ-) s1n’ ¢ do
0 b
¢ e yield strangth of materfal

0 ¢ 9 4 'b
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Figure 4-2, Postulated Flaw - Circumferential Semielliptical
Surface Flaw
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b = major semiaxis (flaw length/2)
4 e parametric anjle of the ellipse

1. ® correction factor for membrane stresses (see figure &-4)

M, * correction factor for bending stresses (see figure 4.5)

The inside and outside strasses for edch transient for the three regions analyzed
are given 1n table 4-1. The stress values which yield both the maximm and the
minimum Kx values for each transient are 1isted.

———
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BENDING CORRECTION FACTOR (M)
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Figure 4-5 Bending Correction Factor for Surface Flaws
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TABLE 4-1  INSIDE AND OUTSIDE LONGITUDINAL STRESSES

o Instdel®] | o outsigel®] o Insidel®] o Outsidel®]
Transient (kst) (kst) (kst) (kst)

Hot Standby 5.164 5.100 3.9 3.939
Unit Loading and

Unloading 5.096 5.013 3.421 .Nns
Small Step Load

Suceunse B Bacveded 4.024 3.866 3.638 3.785%
Large Step Load Decrease 4.340 4.248 3.452 4.54)
Loss of Power 5.184 4.612 3.877 3.817
Partial Loss of Flow 4.511 4.51 3.4 4.798
Loss of Load 4.99 4.996 2.773 6.054
Reactor Trip 4.038 3.106 1.705 1.705
Cold Hydro 8.092 8.092 0.000 0.000

[a] These stress values ledd to maxisum K
[b] These stress values lead to minfeum K



SECTION §
FATIGUE CRACK GROWTH RATE

The growth of a crack per loading cycle {s dependent on the range of applied
stress intensity factor 2K, by the following relations:

&= ¢, (ex)” (5-1)
where 'Co' and the exponent “n" are functions of material properties.

§-1 ASME SECTION XI CRACK GROWTH LAW FOR WATER REACTOR ENVIRONMENT

The upper bound curve from ASME Section xlt1] for fatigue crack growth analysis
shown by figure 5-1 1s considered applicable to SA106 Grade B materfal 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-
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 1ts inception to support such a
wide application [6]. Data are now available to demonstrate that medium strength
carbon and Tow alloy steels do indeed have very similar behavior fn a water en-
vironment. Besides the original test materfals of AS08 C1 2 and AS338 C1 1 there
are test results avaflable for ASTM AS16 GR-70 steel in 11?ht water reactor en-
vironment which agree well with the reactor vessel stcc!s[ ) This steel has a
minimum specified yield strength of 38 ksi, Further data in water environments
have been obtained by Soctt [8)] on lower stremgth steels and Vosikovsky [9] on
higher strength line pipe steel (65 ksi minimum yield strength). This informa-
tion suggests that the reference curve should have applicadility to all carbon
and low alloy steels with minimum yield strength less than 65 ksi.

The reference law in the ASME Code Section XI fs represented by the following
expression.

g « (0.3795 x 1073 ax,"m (5-2)

where, §§~- Crack growth rate, micro-inches/cycle
AKI » stress intensity factor range, ksi/in = (KI sax * Kl Mn)

« Maximum and Minimum KI respectively computed

(I max’ K! min
during the transient

5-1
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SECTION 6
FATIGUE 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 Boller and Pressure
Vessal Codcﬁ‘]. The analysis procedure involves postulating an {nitial circumferen-
tial flaw and predicting the growth of that flaw due to an imposed series of
stress transfents., The input required for a fatigue crack growth analysis f{s
basically the information necessary to calculate the parameter &Ky which depends
on crack and structural geometry and the range of applied stresses in the area
where the crack exists. Once Axt fs calculated, the growth due to that particular
cycle can be calculated by equation 4-1, This increment of growth s then added
to the original crack size, and the analysis proceeds to the next transfent. The
procedure 1s continued in this manner until all toe trensients known to occur in
the period of evaluation have been analyzed.

In order to determine the maximum potential for fatigue crazk growth of the postu-

lated flaw in the pipe during normal operation, a cumulative fatigue crack growth
analysis 1s performed. A1l design transients are considered in crronological order

according to the assumdd schedule prescribed in table 3.2, Strers finten.’ty faztor. are
determined for each transient using the bounding semfelliptical flaw modei and the
method for Kx determination outlined in Section 4. Each transfent 1s evaluated

fn the following manner:

1) Determine the maximum range of ‘I fluctuation (AKI assocfated with the transient).

2) Find the incremental flaw growth (aa) corresponding to &K; from the fatigue
crack growth rate data,

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 transiunt,

The above procedurw, after 31 transients have been considered, yields the expected
end-of-11fe flaw size (a,). The procedure has been automated and the crack growth
results are obtained for 0.125 inch, 0.250 inch, and 0.375 fnch postulated initial flaw
depths. The stress intensity factor ranges (afx) associated with the transients

are presented in table 6.1,




TABLE 6-1

STRESS INTENSITY FACTOR RANGES (aK;)

No. Transient Postulated 8K,
Flaw Depth (in.) (ksi/in)

1 Hot Standby 125 .765

.250 1.143

: 375 1.5¢8
!

. 2 Unit Loading and Unloading |  .125 1,524

.250 1.509

' 375 2.016
|

5 Small Step Load Increase 25 0.223

and Decrease .250 0.212

375 0.397

4 Large Step Load Decreasc 125 .485

t .250 .639

375 765

S Loss of Power 125 .820

.250 189

375 564

6 Partial Loss of Flow 125 .644

.250 .859

J75 .039

7 Loss of Load 128 194

250 548

375 .816
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TABLE 6-1 (cont'd)
STRESS INTENSITY FACTOR RANGES (Alx)

Pestulated AKX
9. Transient Flaw Depth (in.) (ksivin)
8 Reactor Trip A28 1.402
.75 2.681
. Cold Hydro 128 5.068
.250 7.606
75 10.326

6-3




SECTION 7
RESULTS AND CONCLUSIONS

A fatigue crack growth analysis has been carried out for the main steam line
pipe of San Onofre Unit 1, and the results of the analys's are summarized in
table 7-1, This table presents the fatigue crack growt’ results for a range
of postulated flaw depths orientad “ircumferentially. The postulated flaws
are assumed to be six times 15 ' ; 48 thay are desp. Based on these re-
sults, 1t 1s concluded that growt by fatigue 1s negligible.

7-1



TABLE 7-1
RESULTS OF FATIGUE CRACK GROWTH EVALUATION

Postulated
Initfal Crack Depth (in)

Crack Depth (in) After Year

' 0.128
'. 0.250
0.375

10 20 30 40
0.12500 0.1250! 0.12501 0.12501
0.25002 0.25003 0.25004 0.25005
0.37508 0.37508 0.37511 0.37515

7.2
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