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FAULT TREE DIAGRAM ANALYSIS CONCERNING
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Rev, 1

FMEA CONCERNING FRETTING LEAKS CHART 2.1
¢ Understanding the Current Status Understanding the Degree of
Factors of Factors Effect Due to Failures ! countermeasure
Prigary Secondary Tertiary |Evaluatin Factor‘lfs'yaluaunfq ’L‘ur[ant Evalusting Degree of |Lavel of Degree)
Factors Factors actors Possibllity tatus of Factors |efrect Evaluetion) of Effect
' t
Large Lateral |[Large Pressure |poun Flow of There is the * Results of When compared ¢ ggn£:::°2§:n°-
Jet Flow Difference on |Coolant Inside |possibility of M/ |[Bvalustion done  ‘lagsinst the up 1 s Design Change
Through Baffle| Inside & of Channel becoming larger duelfTom snalysis of . |flow, the M/F Lower
Plates Outside of the |patyeen Baffle |to the pressure inside & outside during down flow is ::zlla of Fuel
1 Baffle Plates |p)ates and Coreldifference on the |Pressure 17 times greater Assesbly
11 Barrel inside & outside. ::':'::“°:‘ 'h::°d (3 Loops).
1.1.1 L @ down ow, (One of the {Reduces the
hen compared fundamental difference in

against the up
flow, is 9 times
reater.

factors, and
the degree of

pressure on
the inside &

effect is outside of
extremely the baffle
large.) plates after
up flow.)
Wide Qaps in, |Widening of Due to the Evaluation results |If the widening Remodeling the
the Baffle + |Gaps During the|difference of of analysis gaps during times I core’'s internal
Plates’ Joints (Operation of pressure and regarding gap of high temperature structure is
1.2 the Reactor temperature on the |uidening showed are considered, M/F difficult, so no
1.2.1 inside & outside ofjthat the center jet|is seven times countermeasure is
the baffle plates, {type increased frolrlnrler (3 Loops). assigned,
there is the less than 0.05mam
possibility of gaps|when it is cold, to
widening. 0.18am (3 Loops)
‘|when it is hot.
(In the cormer jet
type, on the other
hand, the gap
narrows.)
Peening Work Due to unsuitable |After peening work,
Methods not peening work, there/peagurements of the No effect.
Suitable is the possibility |gaps are taken and
1.2.2 of gaps widening. |[controlled so as tq
be less than —_ —_
0.05mm.
Widening of Possible In one year, the In one year, the m Peening
Gaps over the (Details widening of gaps M/F increased :
Degres of Effact Lagend Course of Time unknown) ?;ez"ed) mR japprox. 30%
Increased Quantity (or decreased qty.) of 123 oops ) . (3 LOOPI)
1steral jet flow over the latersl jet &M
resistance value.
S [}
1L 2 -5 cimes ()2 - 175
HT[1.1 - 2 times -
o
///
‘ * M/F Momentum Flux
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FMEA CONCERNING FRETTING LEAKS

Rev, 1

CHART 2,2
Fact Understanding the Lurrent Status Understanding the Degree of
actors of Factors Effect Due to Failures Counteraeasure
Primary s/gcandary Prtlary Evaluating Factor gyaluaur;g F{,‘ur entl Evalusting Degree of |Level of Degree
Factors actors actors Possibllity tatus of Factors \Ertect Evaluation) |  of Effect
Fuel Rods Fuel Rod's Dimple Pitch of| The rotation The estimated Confirmed by test. Extend dimple pitch
Vibrate When | Characteristic |Grid Assembly |resistance of the | characteristic of the grid
There Is Frequenoy of Is Short grid assembly is frequency of asseably.
Lateral Jet |vibration Is 2.1 small. ‘there is a | vibration by test 1
Flow Through | Low 12 éoue possibility of | snslysis using the
Baffle Plates 2.1 having a low dimple pitch as a
2 characteristio parameter.
frequency of
vibration.
Initial Values From testing and In case grid sprin Adopt BR-T Fuel
of Grid Sprinl Same as above. analygis, the ‘ridiforcg is set at a P TPe
Force Are Low spring force is sel,...inal value, o

at a nominal value

oritical M/F of

Foroe of Orid
Assembly
Demonstrated
Dispersion and
Some
Demonstrated
Weak Force.

2.1.3

frequency of
vibration through

grid spring foroe
as & plrll.t.r.

2.1.2 and estimation of lrypa B is greater
charscteristic than that of A by
frequenoy of 35% (16x16 Type).
vibration is (Confirmed by Test)
conducted. The B-

Type design fuel,

when compered

againast A-Type, is

11% greater (15x15

Type).
Manufactured Evaluated Effect on oritical
Orid Spring Same as above. characteristic M/F due to

dispersion of grid
spring force is

test anslysis usingivery small.
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Rev. 1

CHART 4
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FMEA CONCERNING PINHOLE LEAKS

Rev. 1

CHART 5.1
Factors Understanding the Current Status Understanding the Degree of
of Factors Effect Due to Failures Countermeasur
Primary Secondary Tertiary Evaluating Factor Sya]uatjnfg F(,‘urrent Evaluating Degres of |Level of Degree ounté €
Factors Factors Factors Possibility tatus of Factors Erfact of Effect
QC Failure Fuel Pellet Processing There ia the Possibilities are |When pellet chips ] Currently technical
During Defects Failure possibility that low since powder get between the improvements are
Fabrication 1.1 L the pellets will and -1§ter1n¢ tube and the not expected nor da
chip depending on |conditions are pellet, large specific
1 the UO2 powder and|Checked at the amounts of local countermeasures
sintering manufacturing stagefstress occur, which exist. Therefore,
conditions. both before and causes pinhole careful handling
after the leaka. and inspections
processing of each need to be
lot. : conducted.
Insufficient There is the Insufficient ) Same ags above. i Enforce pellet
Inspections possibility of 1nsp?giionn are external

112 incomplete possible due to inspection.

1. inspections. mere external (Along with
inspections being mechanization)
done.

Avoid eXcess stress
Handling There is the on the pellets when
Failures possiblity that inserting them into No effect. —_— —_—
LO3 pellets will chip |{the tubes. If the
ot during or after thepeilets do happen to
pellets are chip, try to keep the
inserted into the |particles from get-
tubes. ting into the fuel
rod. After insertion
rods are handied
using a longitudinal
rod holding device
which prevents exces-
Eive bending.
Improper There is the .‘ Hydride occurs in I Enforce pellet
Moisture possibility that Hoxntur: c:n;rol the tube due to noisturepcontrol~
Control the pelleta baking | ¥&® °32 uct: Qc moisture in the (Since 1982 the
1.1.4 might be .ccoyfiz:tions fuel rod, which can level is kept at
e insufficient. .peci1971 80pél cause pinhole 10ppm)
1972-1981 16ppm |lo%k®:

Deagree of Rffect Legen

I Very High

[N High
M. Medium
v Low

Page ¢



FMEA CONCERNING PINHOLE LEAKS

Rev. 1

CHART 5.2
Understanding the Current Status Understanding the Degree of
Factors of Factors Effect Due to Failures Countermeasure
Primary Secondary Tertiary Evaluating Factor M:;ya]uatjnfq Fcur ent Evuunun, Degres of |Level of Degree
Factors Factors actors Possibllity tatus of Factors Effect of Effect
End Plug y There is the Possibilities are
Defects Pr‘;ie:‘::n‘ possibility that ‘Jlow because of the | No effect. o —
1.2 Failu unsuitable end plug controls of
1.2.1 manufacturing cleaning fluids,
methods are being |lubricating oil,
used. and plug materials.
A t There is the There ,is no
%:::::::i:: possibility that possibility since No effect. . .
‘ inspections are nof exterral inspec-
1.2.2 complete. tions were conducted
on the whole lot.
Tube Defects Manufacturing | There i.-thath,t There is a Built-in defects in Currently
Failures possibility possibility that a b I int
L3 unsui\’-lble tube small amount of "L'aw tube cause. appropriate
13 manufacturing early stage defecta| SCress corrosion countermeasures do
methods are being | -0 "t the cracks" (SCC). PCI not exist.
employed. current causes the pinhole Inspections and
. leaks. material control
technological need to be
level. conducted.
Insufficient There ia the It is possible to
Inspections possibility that |overiook slant Same as above. i Enforce standard
1.2 inspections are nof defects bacause of and improve "
bein: done current inspeotion inspectiona
completely. techniques. techniques for tube
defects,
tive There is the Material
Defectiv ogsibility that composition is No effect. — —_—
Materials P
133 tube materials checked on a mill

contain impurities
and that alloy
elements are not
mixed sufficently
in materials.

sheet for each lot.
No abnormalities
are discovered in
the microtissue in
a metalography
test.
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FMEA CONCERNING PINHOLE LEAKS

Rev, 1

CHART 5.3
Understanding the Current Status Understanding the Degree of
Factors of Factors Effect Due to Failures Countermeasure
Primary Secondary Tertiary Evaluating Factor SyaJuatJnfq Fcur ent En)wtlry Dagree of (Level of Degree
Factors Factors Factors Possibllity tatus of Factors Effect of Effect
. esults of ex-core SCC ) . R
Poor Fuel Cheaical Effect|Cladding Tubea |Strong likelihood :z;ir:?rg‘;::::;vf::_ E"‘ {ndicstes that SCC Zirconium Liner
Design , of Cladding Tend to Be of SCC sensitivity pellet and operating[breskage is pollible' 3 I Tube
Tubes Due to Affected Easily exists because reactor is approx. [{rom approx.10? m&/cm {pure metal)
Fission by Fission cladding tubes are l; 001-0.013mg/ 3 iodine quantity.
Products Products made out of a cm
: 2.3 2.1 alloy w®etal.
Large Amounts |Discharged rate of  |centerline te-perniure
of Fission fission products of the pellet becomes Same as above. | 292122 Hollowed
Products are increases duc to in- lapprox. 1800 degrees e
Discharged from|creased pellet temp- Centi- grade during
the Pellets. erature during operation, and there-
2.1.2 |irradiation. fore, release rate o&
o8 iodine is 10-40 time
that of the affore- o
jmentioned. It cor-
responds to 1000 C tg
1200 C Pellet
Temperature.)
Due to ) hi
Bxcess Stress | . o ien Trradiation creates [Pellet's hour-glassing, o Smaller Length/.
of Cladding and Rough our~glassing of the cracks, and chips Dlanetgrnatiop?llet
Tubes a1 & ellet and approx. joreates localized (as Anti-formation
1.2. Handling, 10~15 oracks around lexcess stress to Measure)
Pellet ) he outer pellet. cladding tubes, and Champherred Pellet
Transformations, ost-irradiation consequently leads td {asAnti-chipping
Cracks, and 2.1 examination by pinhole leaks. Measure)
Chips o monitoring fuel
ndicated unlikely
hipping possibilities.
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Rev, 1

EMEA CONCERNING PINHOLE LEAKS CHART 5.4
. Understanding the Current Status Understanding the Degree of
Factors of Factors Effect Due to Fallures Countermeasure
Primary Secondary Tertiary Evaluating Factor E_;yaluatir;g FCurrent Evaluaury Degree of |Level of Degree
Factors Factors Factors Possibility tatus of Factors Effect of Erfect

btiliz.tion of
Imported Fuel

4

Low Quality
Control Level
of Foreign
Manufacturers

4.1

There is the strong
probability that
foreign
anufacturers’
boncepts and
pttitudes toward QC
hre poor.

Imported fuel
contains 26 pinhole
leak spots while
idomestic fuel
contains no pinhole
leak spots.

Fretting type
pinhole leaks are
caused by poor
quality control.

Adoption of
Domestic Fuel and
Cladding Tubes

Products

Difficult to
Directly
Control Quality

4.2

It is difficult to
control quality
because of
inadequate
information from
foreign
manufacturers and
also contract
limitations.

Same as above.

Same as above.

Same as above,

Fretting Caused
by Debris

Debris Mixed
in with
Qoolant

sThere is the
possibility thac
Debris may come
into contact with
the cladding tybes
after getting
caughq in the
qQqdsembly.

There 18 the
possibility that
debris might be
mixed with the
primary -cooling
water during
a periodic over-
haul 1inspection,
caught in the
assembly, and then
come into contact
with the cladding
tubes.

After Coming into
contact with the
cladding tubes,
debris creates
fretting type
pinhole leaks.

Strengthen the
Control of Debris
in Coolant

Page ¢
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PINHOLE LEAK COUNTERMEASURE TREE DIAGRAM
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+ E ) L
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- , ChllPh"i'bd Pellst a o o 60 O Isplesentedgame as above.
ot 2r Liner Tube Py O fe) 80" a 1984 Implemented as Part of L/F*
2 . Fuel Development Project
a
" € Control Output
s — Operation V:rlatlonl P o a 0 66 © Implemented Implemented Since 1972
H
o
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. ubeg
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1]
-0 . -—oIndentity______ lLead Fuel 60 Leak Fuel at
others - - uses 1E o o o O | 1987 |rakahama Unit 3
H
[ ]
[ ]
t.....Jidentify Causes 60 _ UT Inspection
“bf Fuel Leak at o o o O  po-soins Fiber Scope Inspection
akahama Units . Implement Immediately :
O 5 Points o (Within one year, includeon-going ite-s.‘)

o) O Mid-Term Countermeasures (Implement within 2-3 ;Ltrn)
3 Points _& Long-Tera Countermeasures (Implement within 4 years)
% Don't Implement
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