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EXECUTIVE SUMMARY

EVENT OESCRIPTION

On August 25, 1891 during the Unit 2, Tycie 6 refueling outage, SCE performed a scheduled
boroscopic inspection of both Unit 2 Main Steam Isolation vaives (MSIV's). The inspection of
MSIV 2HVB205 did not show any apparent damage, but MSIV 2HV8204 exhibited Jamage 10
the valve disk locking mechanism. As a result of the boroscopic inspection, a decision was
made 1o disassemble and further inspect the valve gate anu segment iocking mechanism of
valve 2HVB204.

Valve 2HV8204 was disassembied and the foliowing damage was noted

1) Three broken guive rail 10 seat skirt capscrews on t' e north gate side rail and
one b-oken capsciew on the scith gate side rall

2) The gate sicle seat skit was severad &t the location of the fourth capscrew
from the 1op.

2) Bolh gate side ralls had severe galling on the lop chamiers
4) Both lever iock arm shoes had severe galling on the flat bottom surface
ROOT CAUSE

Design Deficiency

The matenials used for the siiding surfaces of the lever lock arm shoe and the seat skirt rall
ramps are a pocr design choice. The lever lock arm shoes have areas of stellte hardfacing
but the most highly loaded areas have 17-4 PH to 17-4PH stainless steel sliding surfaces
17-4 Pi1 slainless steel is a very poor choice of material for sliding surfaces that have
appreciable contact siresses. The threshold for galling of 17-4 PH on 17-4 PH surfaces is
approximately 2000 pounds per square inch (psi) which is well below the contact ziresses
between the lever lock arm shoes and the guide rail ramps.
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BACKGROUND
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Unit 3 Cycle 4 MSIv ingpection

in May of 1988, during the SONGS 3, Cycle 4 Refueling Outage, Southern California Edison
was informed by Louisiana Power and Light (LP&L) that the two Main Steam Isolation Valves
(MSIV's) installed at the Waterford-3 Nuclear Steam Station had sutfcred internal damage
The MSIV's currently installed at San Onofre Nuclear Genorating Station (SONGS) Unds 2
and 3 are of the same type as damaged at LP&L. A beroscopic inspection of the SONGS
Unit 3 MSIV's and an ir.terim Root Cause Analysis (Reference 1) of the LP&L failure and it
applicabilly to San Onofre MSIV's were initiated 10 determine the fallure mechan:, m for the
LP&L valves and 1o cletermine ./ the SONGS MSIV's are subject to similar failures.

The results of the boroscop'. aspection of the Unit 3 MSIV's are tabulated below:

(1) One broken capscrew was found in the body cavity of MSIV 3HVB205. The
two guide rads (one of the two segment skirt rails and cne of the two ate skint
raiis) that could be inspected were in place. The rails were found firmly
attached 10 the skirt plates. They aid not exhibit any separati>~ that was
observed on the LP&L M3IV's, Only four capscrews could be inspected in
place and they were found ' exhibit no signs of elongation, deformation or
looseness. The results of this inspection were documented in NCR 2-2043
Rav 0.

(2) No broken capscrews were found in the body cavity of 3HVB204. he two
guide rails that could be inspected (again, one ¢f the two segment skirt rails
and one of the two gate skint raily) were also in place.

(3) The chamters of both the upstream and dowr.stream quide ra'ls for both valves
were inspected for impact marks. Only the top chamiers on the downstraam,
Of gate guide rai's of 3HV-8205 were thought 10 have galling marks. The top
edge of the chamfers seemed to have been rounded by impact and some
metal had been rolled over. This metal roll over and 2 relatively high contact
stress during impact wat thought 1o be responsibie for the observed galiing
marks
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i4) The shoes for the lever ook arms 1or both valves were inspected for impact of galling
marks. No visible galling marks were observed on the surfaces nspected

The conclusion of the Reference 1 Interim Ront Cause Analysis was that the San Onofre
MSIV's stroke more slowly than the LP&L valves and are not subject 10 the guide rall
dislodgment failura as expernenced at Walerford-3. A dynamic analysis of the impact
energies of both the Watarlord-3 and SONGS, Unit 2 and Unit 3 lever lock arm assemblies
was performed. The Wateriord.3 valves had been operated with a stroke time much faster
than the SONGS valves. When the impact energies of the two valves were compared, the
Watertord-3 impact erergy was an order of magnitude higher than the SONGS MSIV's
Further anaiysis concluded that the impact energy of the SONGS valves was capable of
breaking cnly two capscrews while the Waterford-3 impact energy was enough 10 shear all
ing cruscrews @ once. The conclusion of this study was that the SONGS rails could not fail
fiom guide rail disiodament due 1o shearing of all of the ¢: Sacrews

No immediate action was required; however, as a long term measu’e an inspection plan for
all SONCS MSIV's was recommended. A study 1o evaluate revisions 10 the chamier angle on
the rai's from 45 to 30 degrees and the addition of stallite overlays on the contact sunaces of
the lever inck arm shoes and the guide ralls was also recommended. The addition of an
Jfice piate in the commen dump piping of both valves was also recommended and
impiemented. ‘

At the urging of the Nuclear Pegulatory Commissicn, MSIV 3MVB205 was disassambled and
inspected prior 10 the end of the outage. The results of the inspection were as folic as and
are documented in NCR 3-2046 and NCR 2.2056

1 nrec severed capscrews and one loose capscrew were found at the botiom of
one of the segment side ralls

o

Tiie bottom surface of the segment side rail chamfers were found * be galled. No
Jaling was ot served on the gate side rail chamfers, bt some wear was noted. The
boroscopic observation of galling was in error.

3 The lever lock 8i1m shoes wore galled whore they -ontact the segment side
raus,
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Suppening Evidence

Appendaix 2, Figure 2 shows the path of the shoe across the ral with the rails
out back 10 a 30 degreo angle. Once the shoo has rotated 10 posiion 2, line
contact is maintained for the remainger of the travel. The radius at the
tanstion paint of the upper surface of the ramp 1o the rail is the most highly
strossed point in the travel. Once the shoe has locked In the 45 degree
POSItion in the lever lock arm, the shoe will slide across the 'adius and galling
is extremely likely. Appendix 3, Figure 2 calculated the contact stresses for
this condition as over 123,000 psi compared 10 a threshold galling stress of
2000 psl for the 17-4 PH material.

Hetuting Evidence
Valves 2HVB208 and 3HVB204 have not experionced similar damage.

Valve 3HVB2085 had damage 10 the lower rails that was atiributed 10 a
combination of giffering rail contart (the north arm wea. either shorter than the
sc:uth or 1ve valve skint was not squarely installed). This valve has not shown
any damage 10 the upper rals. When the valve was reworked 10 remove
galling ang wear on the lower rail ramps, the (upper) gate side rail ramps were
insperted and showed signs of wear. The surfaces were stone ground 10
remove the wear marks, but there is no reason 10 believe that the ramp angle
was appreciably changed from a 45 degree angle.

Possible Failure Scenario 3 (Less Likely) (Appendix 1)
Gate/Segment Back Angle Friction Excessive

If the friction coeficient of the tliding surfaces between the back angles of the
gate and segment assembly are appreciably higher than the friction coefficients
beiween the seat surfaces, the gate /segment assembly can "stick" together
and rravel down the ramps locked together. Under these conditions, the force
required 1o unlock ihe assembly would be increased by the frictional forces
built up during back seating of the valve. Thie increased force would increase

10
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Appendix 2, Figure 2 illustrates the lever lock arm shoe travel path during valve closing with
the rails reworked to a 30 degrees from “ertical angle. Note that nothing was done 10 the
lever lock arm ¢r the shoe 10 change the locking point at a 45 degree angle. The shoe will
contact the 1op surface of the rail, point 1, as before and will rotate abaul the sutpoard upper
edge of ihe rail ramp until put 2 is reached and the shoe locks in the lever lock arm. At this
point, the shoe will start 10 slide on a nartow line dof contact with the edge of the rail ramp.
The shoe will continue sliding on this line of contact, with increasing load until the edge of the
shoe reacihes the ramp. At this point the shoe material changes from 17-4 PH 10 a stellite
overlay. The shoe continues down the ramp until it clears the rail at point 3.

The material of the rail ramp and the botiom of the shoe are both 17-4 PH stainless steel,
This material combination is particularity susceptible 10 galling with a threshold galling stress
as low as 2000 psi (Reference 4). The force between the shoe and the ramp is a function of
the geometry, the weight of the segment and friction. As the friction coefficient between the
sho¢ and the ramp increases, the resultant 1o’ce vector mcves closer 1o the center of rotation
of the lever lock arm and requires more and more force to slide the shoe down the ramp
Once initial galling has occurred, the roughened surface increases the friction and the
resultant force, which causes an ingcrease in cc act siress and increased galling. After

seve al qalling cycles, the forces caii get high enough 10 sever the set screws attaching the
rail to the skirt plate and skit plate fracture can cccur.

14
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ANALYSIS OF GATE/SEGMENT FORCE!
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Valve Drawing and Photographs
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In addie. + o the obvicusly fractured components listed above, the following damage ot

sbnormaiitior were observed during inspection of the gate and segment ssbembly:

1. The gote ral chamfers, where the leverdock arme and guide rails interaet during
valve clomng, show severe signe of ( Uing. Galling resulted in meta) removil
from the bottom of the shoe surfaces and deporited it onto thy guide ruil chamfers. The
segment side guide raile and the top shoe Lurfuces are in good condition, indicating
that the velve did not experience problems during velve opening

2. Eliding marks exist on both gate and segment seating surfuces. The buck angle
contact surfaces appear 1o be in good condition.

3, Sliding marks also exisy on ull four guide rail sliding surfaces

4. Indentation marks exist on the matching shoes and lever lock arms st the
interaction peints where the <hoe articulation is stopped by a slot in the arm

Kaisi Eugineering, Inc. wir engaged by SCE to perform a detailed review of the eurrent
MSEIV problems ard provide recommendutions for corrective wetions. The current effort,
ae documente | in this report, is Tocussed on reviewing the current design deficiency and
ensuriap that the proposed design modificetion will eliminate the problems and provide
the required safe operstion of the MEIVe. More detailed anelysis on the effects of operating
pressure, operating temperature, Jocal contact stresses, and gate sssembly dimensional

tlerance stack up will bhe performed and documented in o later report

The proposed design modifications for the leverJock urm shoes and guide raile, as shown
in Figures ¢ and 5, are basically the same design modifications used at Louisiana Power
& Light, Waterford SES Unit 3, for their M8IVs with tho identical valve design. The
modifiations were successfully implemented in 1988 with no reported problems to date
The main difference between SCE and LP&L's MEIVe 45 in the operating reguirements:
the LP&L valves eve required Lo close in & shorter time (as low as 1.6 seconds) while SCE
requires the MEIVs (o close within 6 8 seconds (normally operated within 3 to 6 seconds).

A mothematicn] medel that simulates impact furces and motiens of the gate and segment
aesembly during cloting action was used to conduct the reviey for the current decign and
propesed modifications. 'The model takes inw ncoount the velocity of the shoe ot impact, the

coefMcient of friction between the shee and puide vail, and the Jees) contact getmetry,

KALEI ENCINEERING, INC.
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{ mey be estimated from the bounding forces ) However, the trend clear)y

L]
¥

caleulate
shows that high impact forces vecur after the coefMicient of friction exceeds 0.6 due 1o the
fast-disappenring torque as the resultant force approaches the lever lock axis (d « 0 For
gmooth steel-on-steel surfaces, the cocficiont of friction is estimated to be in the £ 212 0 &
1

range (1] For & galled surfuce, the coefMicient of friction can quitkly go bevond 0 €

resulting in high impact forces that cause severe puide rail and gete skirt damsges

The gate closing speed at the lever-lock shoe and guide rail contuct is criticn) W the
performance of the lever-lock mechaniem. It not only sffects the magnitude of the impact
lowd (us shown in Pigure 2 plots), but aleo cuuses the initistion of surface
degradation/galling, as chservad on the guide rail chamfers and the bottom of the lever.
lock shoes. The gate closing epeed at the shoe and guide rai) contact is estimated 1o he in the
range of 5 to 15 insec for SCE's MSIV design. The impact forces, as ealeulated from the
math model, are in the vange of 2,126 to 8,378 pounds before contact surface degredation (4

0.4 used). The impact force for the SCE design is sigrificartly lower than the estimeated
impact force of 10,680 pounds for the LPL design with the maximum ¢losing speed of 28
in‘sec, as shown in Figure 2 comparisen (2], However, a8 the coefMeient of friction
increases ‘rontect surface degradation), both SCE and LPL designs Bpproach an
asympteotic rise in the magnitude of the impact force delivered 1o the guide rails ot u = 0.72

regarciess of 'he gate closing speed

The new thoe and paide rail designe, as thown in Pigures 4 and 8, use a shallower contact
engle of 30 degrees (mewsured from the stem axis! This new design angle can more
efMectively penerate h..' Yeverdeck arm wrque o push the shoe toward the center of the
puide rails, Figure 2 shows that the impact furce for the new design is in the range of 525 to
2,474 pounds (same a8 LP&L'r modified shoe and guide rai) argle decipn), whieh it only

38.8 perrant of original design impact forees with 45 degress contact angle

It should be noted thet the normel centact force at the shoe/puide rail interface is
perpendicular 1o the bottom shoe surface, &5 shown in the furee diagram, while the friction
force i paralle] 1o the shoe surface. Therefore, the shee bottom purface angle instend of the
guide rai]l chamfer angle will determine the efeciiveness of the thog.to-puide ruil design

in diverting the cortact force 1o the rolating lorgue for the lever-lovk ken
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Appendix B
Analyvuis of Foroes and Stresses

During Gate Opening Action
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