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Cracks have been detected in the collet housings of the control rod

drives at Dresden Unit 3, Browns Ferry 1, and Vermont Yankee.
problem appears to be a stress assisted corrosion problem that may

be generic to most boiling water reactors.

enclosed.

Enclosures:

The

In light of this experience,
we believe that appropriate changes to technical specifications for
this type reactor are needed that will prohibit extended operation with
immovable rods. Accordingly, unless you inform us in writing within

20 days of the date of this letter that you do not agree with this
course of action, including your reasons, we plan to initiate steps

to issue the enclosed change to the technical specifications of your
facility. A copy of our related safety evaluation on this matter is

Sincerely,

/3]

Robert W. Reid, Chief
Operating Reactors Branch #4
Division of Reactor Licensing

1. Technical Specifications

2.
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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
: i .5 .

- SUPPORTING AMENDMENT ‘TO ‘LICENSE"NO: DPR-59 - e

. : - D o

CEANGES TO THE TECHIICAL SPECITICATIONS

INROPERABLE COXTROL ROD LI IIIATIOUu

.POWER AUTHORITY OF THE STATE OF NEW YORK
o s - = - NIAGARA MOHAWK POWBR CORPORATION ST

' JAMES A. FITZPATRICK NUCLEAR POWER PLANT
. DOC 5 a.O 50-333

- INTROLUCTIOCN

On June 27, 1975, Comnonscalth Edison Company (CE) info:med LRC that

cracks had been discovered on the outside surface of the coller housings

of four control rod drives at Dresden Unit 3% }. The-eracks were
discovered while performinz maintenance of :he“coutrol rod dr;v;s, the
reactor was shutdown for refueling ond maintenance. Inm a Jeller dated
- July 3, 1675, €& irformed us that if the cracks propapated uncil the
‘collet housing failed, the affected cdvtrol rod could not be moved‘“).
In a mecting wich, representatives of Genaral Electric (G £) and CE we
were advised thpt further insncctions revealed cracks in 19

of the 52 Dresden 3 control rod drives iusrected, in one spare. Dresden
2 control rod d’ive, in one Vermont Yankoe spare conirol rod drive

. and in two GE fost drives(3). in a report dated July 30, 1975, aifter

additional rod drzvee 'were inspected, CE stated thal cracks had been

found in 24 of 65 drives 1n=pectnd(*) Aeuenhly, the Tennessee Valley -

Authority vreported that cracks were found in the collet housing of

(W) Telegranm .to J. Keppler, Pegxon 111 of the hRC June 27, 1975,
Docket Yo. 50-’49

(2) Letter from B. B. Stephenson, Comn onwealth Edison Company to
Jarmes G. Keppler, U. S. Nuclear Regulatory Commission, July 3,
1975, Docket No. 50-249. ' s

- (3) Memo from L. ¥%. Olshan, Division of Technital Review {DIR) to

T. M. Novak, DIR, "“eetznw on Cracks Found in Dresden 3 Pontrol

Rod Drive Collet Reta:ner Tubes, July 18, 1975 :

(4) Letter from B. B. Stephensom, aCorﬂonwealth deson Company to
' James G. Keppler, U. S. Nuclear Regulatory Commission, July 30,
1975, Docke No. 50-249.
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seven of nineteen drives inspected at Browas Ferry 1 and Vercont Yankee
found cracks in the collet housing of 4 of 10 control rod drives inspected.
Because a number of control rod drives have been affected, because
conplete failure of the drive collet housing could prevent scrazn of

the affected rod, and because ve do not consider existing license
requirements adequate in view of the collet housing cracks experien
we have concluded that the Technical Syecxtlcatxons should be chan
for those reactors with control rod drive desizns susceptible fo ¢
housing cracks. The chanze should assure that reactors which could
be affected would mot be operated for extended periods of time witn a
control rod which cannot be moved.

DESCRIPTION

The control rod drive is a hvdraulically oper ated unit made up prirarily
of pistens, cylinders and a2 locwtinz mechanisu to hold the mowvable part
of the drive at the desired posi:ian. he movable paert of the drive
incluces an index &

casembly viiich serves as the index tuhe lockinz
mechanism contains {inners which encace a greowe in the index tube .
vhen the drive 135 locked In pusition. In addition to'the collel, the
collet assembly includes a return spriug, a guide cap, a collet r2lainer
tebe (colles housing) and coller piston seals. 1hé collet housinz
surrounds the collet and spring nssewaly iue collet housing is a
cylinder with an vpper suection of wall thickaess 0.1 iaches and a
lover scction with a wall thicwness of about 0.3 inches. The cracks
occurred on the ouler. surface of the upper thin walled section near
the chanze in wall Lhickness.

3
4
ube with circunferential prooves located six inches
3se
1

1. Consecquences of L ack~ﬂ

The lower edges of the grooves in the index tube are tapered,
allowing index tubes insertion without mi'nanically_apening the
collet fingers, as they can easily spring outward. If the coliet
housing were to fail completely at the reported crack location
the coil collet spring could force the upper part of the collo:
housing and sprirg retainer upwerd, to 2 location where the spring ™
and spring rectainer would be adjacent to the collet f1n;-...‘

¢cTrs

The clecarance between the cullet tinge and the spring when in
this location will not pormit the collet fingers to sprimg out

of the index tube grocve. Thais would lyck the index tube in this
position so that th; control rod could not be inserted or withdrawn.
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The failure of some control rods to operaté has previously

. been evaluated and the Technical Specifications presently

allow a2 limited number of rods, as discussed later in

Section 4, ‘to be inoperable. If more than these rods are
inoperable or if the scram reactivity rate is too small or

if shutdown reactivity requirements are not met, the existing
Technical Specifications require the reactor to be brought to
a cold shutdown condition. Reactor power operation with these
rods. inoperable would not involve a new hazards consideration
nor would it endanger the health and safety of the public.

Probable Cause of Cracking

The cause of the cracking appears to be a combination of thermal
cycling and intergranular stress corrosion cracking. The thermal
cycling results from insertion and scram movemcnts. Durihg these
movements hot reactor water is forced down along the outside of
the collet housing, while cool water is flowing up the inside and
out of flow holes in the housing. These thermal cycles are severe
enough to yicld the material, leaving a high residual tensile stress
on the outer surface. Ry .

: , -
The collet housing material is typc 304 austenitic stainless steel.
The lower portion of the collet housing has a thicker wall and its
inner surface is nitrided for wear resistance. In 1960-61, similar
drives using high hardness 17-4 Pil material for index tubes and other
parts were found to have developed cracks. The problem caused GE
to switch to nitrided stainless stecl. The nitriding process
involves a heat trecatment in the 1050 F to 1100 F range, which
sensitizes the entire collet housing, making it susceptible to
oxygen stress corrosion cracking.

The cooling water uséd in the drives is aerated water. This water
contains sufficient oxygen for stress:corrosion .to occur in the
sensitized material if it is subjected to the proper combination
of high stresses and elevated temperatures.

We believe that the cracking is caused by a combination of thermal
fatigue and stress corrosion. GE has determined that both full
stroke insertion and scram will cause high thermal stress. The:
cracks are completely intergranular and extensively branched,
indicating that corrosion is a major:factor. The type of thermal
cycling, plus the buildup of corrosion products in the cracks be-
tween cycles probably results in a ratcheting action. This is

also indicated by the "bulged" appearance of the cracks on the OD.
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Probability.of Early Failure

We believe that the cracking is progressive and is cycle dependent.
Although the details of the cracking process are still not clear,

we have not -identified anv rechanism that would cause rapid cracking
with progression to complete circumferential failure.

The axial loads on the housings are very low at all ti:zes so that
through wall cracks wouid have to progress at least 90, around the
circunference before there would be concern zbout a circumferentieal
failure. Althourh ore housing 2zt Dresden 3 had three cracks which
nearly joired around the circumierence, no cracks at Dresden 3 were
through wall ard none of the housings examined approached the dezrce
of craciing necessary for failure. The collet heusing has three flow
holes in tiie thin secticn equally spaced around the circumference.
The observed cracks have been confined primarily to the areas below
and betwean tie holes and near the area where the wall thickness of
the collet housing chauzes., Since all the cracks excepi those
located at the chance 1n wall thickness are fairly shallow and

since those at the chgnre in wall (hickness zre larsrely confined

to the, circunferential area betweon holes, the net strencth of the
cracked housinas is still far greater than nacessary to perform

their function. A U .

'
. '

A test drive at GT that had ex pnrxcnced over L4000 scram cycles he
a more extensive develovped crack "aL.crn. Althourch the satisfactory
experience with this cracked test huousing is encouraring, ils
performance may not be correlaled directly to that of drives 1o
service, as Lhis test drive was subjected to lower temperalures,

and possibly less severe thermal cveles than could be encounterad

in actual service. Tne cracks were first noticed on the test drive
after about 2000 creles = many more cyveles than the cracked housines
at Dresden 3 had expericnced. ' '

The chance that a large number of collet housing » would fail completelv
at about the same time is very remote. This is primarily true tecause
the distributions of failures by cracking mechanisms such as stress
corrosion and faligue are not lincar functions. That is, failure °
is a function of log time or log ceveles. . Distribution of. failurss

of similar spacimens generally follow a2 log norwmal pattern, with

one to two orders of magnitude in time or cveles between failures
of the first and failuves of the last specimen. As no collet
housing has yet failed, we are confident Lna: there would be very
few, if any, failures during the next time per1od corresponding to
the total service life to dace.

EIEN



4,

Changes to Technical Spccificafions

~

Existing limiting conditions of operation allow operation to continue
with up to one inoperable control rod in any 5 x S array. Existing
surveillance requirements specify that daily surveillance of the
condition of all fully or partially withdrawn rods would not have to

" begin until three rods are found inoperable. The surveillance require-

ments also specify that if it is determined that a control rod cannot
be inserted, the rcactor shall be brought to a Cold Shutdown Condition
within' 24 hours to perform a shutdown margin test. If the shutdown
margin requirements are determined to be met the reactor may be
returned to opcratlon with the rod which is incapable of being
inscrted. Ve do not consider that these existing requirements
suff1c1cnt1y linit the possibility of opecrating for an extcnded-
period of time with a number of rod drive mechanisms which cannot

be moved. Ve have thercfore concluded that the chhn1ca1~8pec1f1-
cations should be changed as dl%CUSSCd below, :

One stuck control rod docs not creatc a significant safety
concern. However, if a rod cannot be moved and the cause
of the failure cannot be determined, the rod eould have a
failed collet housing. A potentially failed collet housing
would be indicative of a problem which could cventually
affect tho scram capability of morc than onc control rod.
Since the cracks appcar to be‘of a type which propagate
slowly, it is highly unlikely that a sccond control rod
would experience a failed collet housing within a short period
of timo after the first failure. Therefore, Section 3.3.A.2
(Reactivity Margin Inoperable Control Rods)

should be expanded to preclude reactor startup and/or
conttnucd power operation with a partially or fully withdrawn
control rod which cannot be moved with drive or scram pressure,
unless (]) investigation has demonstrated that the cause of the
failure is not a failed control roll drive mechanism collet housing,
and (2) adequate shutdown margin has been dembnstratcd

Until pormancnt corrective measures are taken to resolve the potent1al -
for stuck control rods due to failed collet housings, we believe that
these additional specifications provide rcasonable assurance that an
unacceptable number of control rod collet housing will not fail during

L AN
.
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operation. Upon completion of the . investigations being performed
by GE, additional corrective actions may permit revision of these

requirements. i

. 1

CORCLUSION

We have concluded, based on the considerations discussed above, th
(1) there is reasonable assurance that the health and safety of th
public will not be erndangered by operation in the proposed manner,
and (2) such activities will be conducted in compliance with the
Commission's regulalidas andé the issuznce of this encendment will
not be inimical to the commen defense and security or to the health
and safety of the public. :

at:
€

Dated: SER 18 415
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3.3 (contta)

Ce

Control - rods which
canniot be moved with
control rod drive
pressure shall be
considered inopcratle.
If a partially or fully
withdrawn control rod
drive cannot be moved
with drive or scram
pressure, the reactor
shall be brought to

the Cold Shutdown con-
dition within 24 hours
and shall not be started
unless (1) investigation
has demonstratcd that the
cause of the failure is
not a failed control rod
drive mechanisnm collet
housing, and (2) adequate
shutdown margin has been
demonstrated as required
by Specification 4.3.A

The @ control rod
directional contxol

valves for incperable
control rods shall be
disarmed
electrically.

Control rods with
scram times greater
than those pexrmitted

by -~

Specification 3.3.C.3
re inoperable, but
if they can be

inserted with contrel
rod drive pressure
hey need. not  be
disaxmed
electrically.

89

vach partially oOr fully
withdrawn operable control
roi shall beo cuercised one
rotch et ledost once cach
waox when operating above 39
percent power. In the event

power operation is
continuing with three or
Lo inoperatle control

rods, this ‘test shal be
parcformed at least once each
day, when opcrating aboYe
30 percent power. :

n second 1icensed operator

3 7 T ‘O o
ehall verify the conformanc

to Specification 3.3.A.2.g
. <
wofora a rod may be bypasse

in the Rod Seguence Control

SvsteNe

.
-

¢c. Once per week check status
of pressure and level alarms
for eakth accumulator.

b
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Control rxods with a
€failed *Full-in®" or
fFull-out® position
switch nay be
bypassed in <the Rod

Seguence Control
System and considexed
orecrable iz the

actval rod@ position
is known. Theseé rods
must be moved in

89a4

d. -dhen it is initially detenzined that a con-
trol red is incapable of normal insertion, an
attount te fully insert tihe centrol rod shall
be mede. I the control rod comnot be fully -
ingerited o

wtde w1t margin test shall be made to demonstrate under
this condition that the core can be made sub-

criticnl Lor any reastivity condition during

the revainder of the owcrating cycle with the ‘
annlytically detenuined, highest worth control ,

rod capable of .1tPux'wnl, fully withdrawn, and (

211 othor control rods copeble of inservion fully '~ '
inscirted. I .;c1f1cation 4.3, A.1 is met, -
recctor startup may p“oregd. ) f



3.3 (contta)

JAFNER

seguence to theirx

correct positions

{€ull in on imnserticn

and full out cn
withdrawal).

Control rods with R
inoperable

accurtulators or those

whose position cannot

be positively
determined shall bhe
considered

iroperable.

Inoperable’ contxol -
rods shall be

positioned such that =
Specification '3.3.A.1
is wet. In addition,
during reactor powex
operation, no more
than one control rod

in any 5x 5 arrz

may be incperable (at
least 4 orerable
control rods must
separate any 2
inoperable ones). If
this specification -1
cannot be wmet the
reactor shall not be
started, or if at
power, the reactor
shall be brought to a
cold condition. within

24 hr.

90
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the control cell geometry and
local kg, - Therefore, an
additional margin is included
in the shutdown margin test to
account for the fact that the
rod used for the demonstration
{the analytically strongest)
is not necessarily the
strongest rod in the core.
Studies have been macde which
compare experimiental criticals
with calculated <criticals.
These studies have shown that
actual criticals can be
pradicted within a given
tolerance band. For gadolinia
cores the additional margin
required due to control cell
material manufacturing
tolerances and calculational
uncertainties has  experi-
mentally been determined to be

‘0.38% Ak. when this

additional margin is
demonstrated, it assures that
the reactivity
requirement is met.

Reactivity Margin - Inoperable
Control Rods

Specification  3.3.A.2
requires that a rod Yre taken

‘out of service if it cannot ke

moved with drive pressure. If
the rod is fully inserted, it
is in a safe position of

contxcl -

raximaer  coniribution to shut-
dcvm reactivity. If it is in
a non-fully inserted position,
that position shall bLe con-
sistent with  the shutdowm
reactivity limitation stated
in Specification 3.3.n.1.
This agsures that the core can
be shut down at all times with
the remaining control rods
asswning the strongest
opcrable control rod does not
insert. :

Inopexable bypassed rods will
be limited within any group to

not wmore than one control rod,
~0f a (5%5) twenty-five control

rod array. The use £ the
individual rod bypass switches
in "the Rod Ssaquence Control
System (RSCS) to substitute
for a failed full in ox full
out position switch will not
ne Yimited as 1long as the
actual position of the control
rod is known.

Also if damage within the control rod drive
mechanism-and in particular, cracks in drive
internal bousings, cannot be ruled out, then a
generic. problem affecting a number of drives
cannot be ruled out. Circuml{erential cracks
resulting from stress assisted dintergranular

corrosion have occurred in the collet housing

of drives at scveral BiiRs, This type of
craching could occur in a number of drives
and if the cracks propagated until scverance
of the collet housing occurred, scram could

be prc@cntcd in the affected rods.

Limiting

the period of operation with a potentially

severed rod will assure that the
reactor will not be operated with

a large number of rods with failed

collet housings.

~
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Be. Control-Rods

1. Control rod drop accidents as
discussed in the FSAR can lead
to significant core Adamage.
If ccupling integrity is .
maintained, the possibility of
a rod drop accident is elimi-
nated. ..  The overtravel

99a




‘st

3.3 and 4.3 BASES (conttd) JAFNP?

position feature provicdes a - @riving force to rapidly eject
positive check as only un- a drive housing. Additional-
coupled drives may reach this 1y, the support is not
position.  Neutron instrumen= : required if all control rods
tation response | to rod - - ' are fully inserted and if an
movement provides a verifi- ‘ adequate shutdown margin with
cation that the rod is one control rod withdrawn has
following its drive. Absence been demonstrated, ‘since the
of such response to drive reactoxr would remain sub-
movement could indicate an critical even in the event of
uncoupled condition. Rod : complete ejection of the’
position indication is : ' strongast control rod.
required for proper function - ' .
of the RSCS and the Rod Worth 3. The RSCS and the RWM System
__ .Minimizer (RWM). s . restrict withdrawals and in-
. sertions of control rods to
2. The control rod housing N - those listed prespecified
support restricts the outward ) control rod sequences which
movement of a control rod to are established to assure that
less than 3 in. in the ex- , : the maximua individual control
tremely remote event of a rod worth pricr 'to withdrawal
housing failure. The amount K shall be less than 1.25% Ak
of reactivity which could be These sequences are developed
added by this small anount of ' prior to initial operation of
rod withdrawal, which is less F I <. the unit to limit the
than a normal single with-= _ roactivity worths of control
drawal increment, will not , rods in the core, and toqgetherx
contribute to any d4anmage to ' — : . with the integral rod velocity
the Primary Coolant System. limiters, limit potential
The design basis is given in , . reactivity insertion such that
subsection 3.8.2 of the FSAR, - the results cof a control rod
and the safety evaluation is drop accident will not excead
given in subsection 3.€.4. A a maximum fuel energy content
This support is not required . : . of 280 caly/gm, reference
if the Reactor Coolant System . ~ Sections 3.6.6, 7-.17, and
is at atmospheric  pressure , ‘ 14.6.2 of the FSAR and NEDO-
'since there would then be no 10527 and Supplement 1 to

i ’ ‘

100




