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JAMES D. SHIPIRER
VICT RRTSINNT

NVCLTAR IOWTR CTNTRATION

December 1, 1986

PGandE Letter No.: DCL-86-347

Mr. Steven A. Varga, Director
PNR Project Directorate No. 3
Division of PHR Licensing-A
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Hashington, D.C. 20555

0

Re: Docket No. 50-275, OL-DPR-80
Docket No. 50-323, OL-DPR-82
Diablo Canyon Units 1 and 2
Main Steam Line Check Valves Operability

Dear Mr. Varga:

This letter is a followup to PGandE letter DCL-86-333, dated November 7, 1986,
regarding a problem with the Unit 1 main steam line check valves. During
performance of Unit 1 refueling outage surveillance testing, PGandE di scovered
a problem with the retainer nut associated with the discs in the four main
steam line check valves. The nut that retains the valve disc on one main
steam line check valve was missing from its stud; the retainer nut was
backed-off halfway on a second valve; the retainer nut was tight but the
locking pin was loose on a thi rd valve; and the retainer nut was loose wi th
the locking pin in place on the remaining check valve. This problem and
potential corrective actions were described in PGandE letter DCL-86-333, dated
November 7, 1986; the four action items identified in the letter have been
completed to the extent necessary to justify continued operation of Unit 2.

Nhi le evaluating this situation, PGandE attempted to radiograph the Unit 2
main steam line check valves wi th the iridium-192 source that was available at
DCPP. This source was found to be inadequate to image the valve internals. A
cobalt source was obtained, radiographs were taken, and the check valve disc
and anti rotation pin were verified to be in place. However, the cobalt source
was inadequate to verify that the retainer nuts were in place. Concurrent
with the radiographing, an evaluation of the root cause and potential
corrective actions for the problem was initiated.

The root cause and corrective action determination was made after extensive
discussions with the Anchor/Darling Valve Company, the main steam line check
valve service representative, and Shutte and Koerting, the original valve
manufacturer. A Technical Review Group (TRG) determined that the root cause
of the problem was inadequate manufacturer design of the disc retainer nut and
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associated locking pin. The original instructions for the disc retainer nut
did not require preload (torqui ng), and the design employed a 3/16-i nch
locking pin, in a 1/4-inch drilled hole through the retainer nut and stud,
extending out each side of the 3-inch flat-to-flat nut by approximately an
inch. The flow-induced cyclic loading on the untorqued nut caused it to
vi brate against the locking pin, resulting in its failure. The pin disengaged
because there was no positive capture mechanism, and the nut was then free to
rotate off. During the evaluation, PGandE inspected the Unit 1 valve studs on
which the nuts were loose or missing from their studs and did not detect any
unusual wear. PGandE and the Anchor/Darling Valve Company agree on this root
cause determination.

To correct this problem, PGandE worked with the Anchor/Darling Valve Company
and developed a change in the method of nut attachment for the main steam line
check valve. Repairs have been completed for Unit 1 and will be implemented
for Unit 2 during the first refueling outage. The repai rs consi st of
(1) drilling a new 1/4-inch locking pin hole approximately 1/2 inch from the
top of the retai ner nut, (2) preloading (torquing) the disc nut to 220 ft/lb,
and (3) installing a new 1/4-i nch pin (with a tight fit), with the ends
extending approximately 3/8 inch and peened over. The existing stud shoulder
design to keep separation between the disc and retainer nut will be maintained
to ensure positive valve seating.

Because of the Unit 1 main steam line check valve situation, PGandE undertook
a number of actions to justify the continued operation of Unit 2. These
actions and their results are as follows:

1. The forces on the check valve disc were analyzed to evaluate valve
closure under a reverse flow condition during a steam line break when the
valve disc is i nitially open at 70'rom the vertical (full flow opening)
with the retainer nut and locking pin both missing.

The analysis methods included a computation of the aerodynamic torque on
the valve disc usi ng the relationship of disc angular velocity and
angular position versus closing time. A conservative pressure
distribution on the valve disc was then calculated. During the initial
stages of valve closure (70'pen to 25'pen) the pressure at the top of
the disc is small, while at the leading or bottom edge the pressure is
high. This nonuniform valve disc pressure creates a bending moment at
the center which rotates the disc and creates a couple on the tail link
sleeve over its length. The enclosed figure shows the main steam line
check valve configuration. This in turn creates a high frictional
resistance which prevents the valve disc from disengaging from the tai 1

link arm. From the 25'alve open position to full closure, the angular
acceleration of the tail link arm is higher than the angular acceleration
of the disc; therefore, the disc and the tai 1 link arm will close
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3.

together. For valve positions of less than 25'pen, the pressure
distribution on the disc and the tail link arm surface area is
conservatively assumed to be uniform. It was also demonstrated that the
frictional resistance at the pivot point of the tai 1 link arm is
insignificant. For small disc open angles, the angular velocity
increases rapidly to create a high centrifugal force that induces a high
frictional force on the disc sleeve which helps keep the tail link arm
and disc together. Therefore, these calculations show that forces of
friction and momentum associated with the valve ensure that the tail link
arm and disc move together and close the valve.

Because of the inconclusive results of the cobalt source radiograph,
PGandE evaluated other methods to determine that the Unit 2 check valve
disc retainer nuts were in place. A Minac portable linear accelerator
with 6 MeV, 100 rad/minute output at one meter was used to examine
(image) the four Unit 2 check valves. The images for the four Unit 2
valves verified that the retainer nuts were in place. Also, on loops 2,
3, and 4, the locking pin was verified to be bent over. Due to the
configuration of the imagi ng, verification was not obtained that the
locking pin for loop 1 was bent over. A copy of a main steam line check
valve image has been provided to the NRC Project Manager, H. E.
Schierling.

The probability of a concurrent steam line break and failure of a main
steam line isolation valve was determined. The probability calculation
assumed (1) a single main steam line break inside containment,
(2) failure of a main steam isolation valve on an unbroken steam line and
failure of the reverse flow valve, allowing a second steam generator to
blow down inside containment, and (3) a time interval from November 1,
1986, to the estimated start of the first Unit 2 refueling outage
(estimated to be April 10, 1987, for these calculations). Both generic
component failure data and failure data from similar Hestinghouse PHRs
were used in the probability determi nation.

It was determined that for the time interval being considered the
probability of the concurrent events would be less than 6xl0-~. This
proba)ility of occurrence value is significantly less than the value of
lxl0-~ identified in the NRC safety goals.

Based on the postulated failure of the four main steam line check valves,it was determined that an unanalyzed safety concern may exist if a main
steam line isolation valve (MSIV) failed in one steam line coincident
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with a high energy line break (HELB) in another steam generator. To
determine the effects on the containment pressure and temperature during
a postulated HELB, PGandE planned to perform three analyses:

~ Doubling the mass and energy release data for the HELB analyzed in
the FSAR Update

~ Deriving a realistic mass and energy release using the methodology
of NCAP-8822, "Mass and Energy Releases Following a Steam Line
Rupture"

~ Developing a detailed model for the RETRAN computer code to provide
a more realistic mass and energy release rate

The containment pressure and temperature would then be determined using
the containment response code CONTEMPT.

The design pressure for DCPP containment is 47 psig, and the limiting
temperature for environmental qualification (EQ) is 344'F. The limiting
cases of the containment analysis for steam line break as described in
the FSAR Update are for break sizes on the order of 0.9 ft2 at either
100% or 75K power.

In performing the first analysis, the mass and energy release rates were
doubled during the period after the two HSIVs on the unaffected steam
generators were isolated (approximately 80 seconds). This release rate
was input into PGandE's version of CONTEMPT, which has been benchmarked
against the Hestinghouse version. For this analysis, it was assumed that
all containment spray pumps and fan coolers were in operation, as the
single failure was taken as failure of the HSIV in the break analysis.
The resulting calculated peak containment pressure was approximately 65
psig, and the temperature was approximately 400 F. Although these values
exceed the design values, the calculated pressure is below 1.5 PA
(70.5 psig), which is one of the load combinations evaluated in FSAR
Section 3.8.1.3.2.2.

The second analysis was performed using a mass and energy release rate
derived from HCAP-8822. This information was used as input for the
CONTEMPT code. The resulting calculated peak containment pressure was
approximately 55 psig, and the temperature was 348'F. The EQ temperature
limit of 344 F was exceeded for less than 10 seconds. Hhi le the results
exceeded the limits of 47 psig and 344'F, this analysis used conservative
assumptions.

A third analysis was to be performed after development of a realistic
mass energy release rate for a two steam generator blowdown using the
RETRAN code. PGandE's RETRAN models one single loop and the other three
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loops lumped together. A realistic calculation would have required a
four-loop model to be developed. However, because a portable linear
accelerator had been used successfully to image the check valves and
verify that the retainer nuts were in place for Unit 2 in conjunction
with the calculated results reported in items 1 and 3 above, PGandE
determined that it was unnecessary to revise the RETRAN code and perform
the third more realistic calculation discussed above.

The calculations discussed in items 1, 3, and 4 and the film from the portable
linear accelerator imaging of item 2 are available for NRC Staff review.

A program for periodic monitoring of the condition of the Unit 2 main steam
line check valves has been established at DCPP. Plant parameters that would
indicate a significant change in the position of the check valve disc relative
to the disc tail link arm (steam generator steam flows and pressures) are
being monitored by control room personnel to determi ne any degraded
condi tions . For example, if a valve disc were to disengage from its tail link
arm, it would partially block the steam line, causing a decrease in steam flow
and an increase in pressure. In addition, PGandE has contracted for use of a
portable linear accelerator during the scheduled January 1987 surveillance
testing for check valve operability. All four Unit 2 main steam line check
valves will be imaged with a portable linear accelerator to determine that the
disc retainer nuts are in place.

Based upon (1) the previously described verification that the four Unit 2 main
steam line check valves disc retainer nuts are int place, (2) PGandE's analysis
which shows the valve wi 11 close without the nut, (3) the very low probability
that conditions will arise that requi re the valve to close, and (4) DCPP'
establishment of a periodic monitoring program, PGandE continues to believe
that operation of Unit 2 is justified during the remaining period until its
first refueling outage.

Kindly acknowledge receipt of this material on the enclosed copy of this
letter and return it in the enclosed addressed envelope.

Sincerely,

. Shiffer

Enclosure

cc: L. 3. Chandler
J. B. Hartin
H. M. Mendonca
B. Norton
H. E. Schi erli ng
CPUC
Diablo Distribution
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