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INTRODUCTION

On June 27,1775, Commonwealth Edison Company (CE) informed Nhc that
cracks had beet. discovered on the outside surf ace of the collet housings
of four control rod drives at Dresden Unit 3(l) 1he cracks were
discovered while performing mainten of'u control rod drives; the
reactor was shutdown for refueling and maintene. nee. In a ir tter dated
July 3,1975, CE inf ormed us that if the cracks propagated until t

bemovedg)collet housing tailed, the af f ccted control rod could not
.

In a meeting with representatives of General Electric (GE) and CE the
NRC staf f vas a tvir.ed that further inr.pcetions revealed cracks in 19
of the 52 Dresden 3 control rod drives inspected, in one spore Dresden
2 control rod drive, in o Vermont Yankee spare control rod drive
and in two GE test drives ) In a report dated July 30, 1975, after.

additional rod drives were inspcet CE stated that cracks had been
found in 24 of e5 drives inspected ' Recently, the lennessec Valley.

Authority reported that cracks were found in the collet housing of

ITT'' Telegram to J. Keppler, Region III of the !!RC, June 27, 1975,
Docket No. 50-249.

(2) Letter from 3. B. Stephenson, Commonwealth Edison Company to
James G. Keppler, U. S. Nuc1 car Regulatory Commission, July 3,
1975, Doeket No. 50-249.

(3) Memo from L. N. Olshen, Division of Technical Review (DTR) to
T. M. Novak, DIR, " Meeting on Cracks Found in Dresden 3 Control,

Rod Drive Collet Retainer Tubes ,' July 18, 1975.

(4) Letter from E. B. Stephenson, Commonwealth Edison Company to
James G. Keppler, U. S. Nuclear Regulatory Commission , July 30,
1975, Docket No. 50-249.
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seven of nineteen drives inspected at Browns Ferry I and Vermont Yankee
found cracks in the collet houcing of 4 of 10 control rod drives inspected.

I
because a number of control rod drives have been aficeted, because

' comple t e failure of the drive collet housinr, could prevent scram of
the aficeted rod, and because we do not consider existing license
requirements adequate in view of the collet housing cracks experienced,
we have concluded that the Technical Specifications should be changed
for those reactors with cont rol rod drive designs susceptible to collet
housing cracks. 1he change should assure that reactors which could
be affeeted would not be operated for extended periods of time with a

' control rod which cannot be cioved .

IE.S C. R.. .I. .P T I. O_ N_ .

The control rod drive i t; a hydraulically operated unit rnad e up primarilv
of pi <,t ons , c y l inde rs and a loekinn mechanista to hold the movable part
of the drive at the desired position. The rovable part of the drive
includes an index tube with circumf erent ial provves located six inches

apart. 'lh e collet assembly which serves as the index tube locking
re c h a n i sta contains (ince rs which engare a proove in t he -index tube
when the drive is locked in pos i t i ori . In addit ion to the colle t , the

collet assembly includes a return spring, a ruide cap, a collet retainer
tube (collet housing) and collet piston seals. The colle t housing
surrounds the collet and spring assembly. The collet housing is a
cylinder with an upper scetion of wall thickness 0.1 inches and a

lower section with a wall thickness of about 0.3 inches. The cracks
occurred on the outer surface of the upper thin walled section near
the change in wall thickr.ess.

I- 92D509E"Egs_g!,g[aghigg

The lover edges of the prooves in the index tube are tapered,
allowine index tube inse rtion without mechanically opening the
collet fingers, as they can easily spring outward. If the collet
housing were to fait completely at the reportt.d crack location,
the coil collet spring could force the upper part of the collet
housing and spring retainer upward, to a locat ion where the spring
and spring retainer would be adjacent to the collet fingers.
The clearance between the collet fingers and the spring when in
this loention will rot permit the collet fingers to spring out
of the index tube groove. This would loek the index tube in this

{ position so that the control rod could not be inserted or withdrawn.

.
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} The f ailure of up to six control rods to operate has previously
been evaluated and the lechnical Specifications presently allow:
up to six rods to be inoperabic. If more than six rods are'

inoperable or if the scram reactivity rate is too small or if
shutdown reactivity requirements are not met, the existing Technical

i Speci fications require the reactor to be brought to a cold shutdown,

j condition. heactor power operation with up to six rods inoperable'

j vould not involve a new hazards consideration nor would it endanger
the health and safety of the public.

| ?. Probable Cause of Crackinc

f The cause of the cracking appears to be a combination of thermal
;
j cycling and intergranular stress corrosion cracking. The thermal

j cycling re s ul t s from insertion and scram movtments. During these

j movements hot reactor water is forced down along the out side of
i

the collet houring, while cool vater is flowing up the inside and
|

out of flow holes in the housing. These thermal cycles are severc

!
cnough to yield the material, leaving a high residual tensile stress
on the outer surface.j

{ The collet housing material is type 304 austenitie stainicss steel.
: The lower portion of the collet housing hos a thicker wall and its

inner surf ace is nitrided for wear rtsistance. In 1960-61, similar

!
drives using high hardness 17-4 PH material for index tubes and other

,

| parts were found to have developed cracks. The problem caused GE
t to switch to nitrided stainless stect. The nitriding process

|
involves a heat treatment in the 1050*F to 1100*F ranpc, which

: sensitizes the entire collet housing, making it susceptible to
I oxygen stress corrosion cracking. >

1

| The cooling water used in the drives is aerated water. This water
| contains sufficient oxygen for stresh corrosion to occur in the
I sensitized material if it is subjected to the proper conbination

of high stresses and elevated temperatures. ,

! We believe that the eraekine is cause3 '. n es i- .i. at tiv rual

fa:icue and Stress corrosion. t ' t: l l' ,

i stroke insert ion and scram will cause high thermal st ress. The
|

.

' I cracks are completely intergranular ind extensively branched,
; indicating that corrosion is a major factor. The type of thermal

cycling, plus the buildup of corrosion products in the cracks be-i

tween cycles probably results in a ratcheting act ion. This is
,

also indicated by the " bulged" appearance of the cracks on the OD.i

!
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3. Probability of Early Failure

We believe that the cracking is progressive and is eyele dependent.
Although the details of the eraeking process are still not clear,
we have not identified any mechanism that would cause rapid cracking
with progression to complete ei.eumferential failure.

The axial loads on the housings are very low at all times so that
through wall cracks would have to progress at least 90% around the
circumferenec be f ore there would be concern about a circumferential
failure. Although one houring at Dresden 3 had three cracks which
nearly joined around the ci rcumfe rence , no cracks at Dresden 3 vere
through wall and none of the housings examined approached the degree
of cracking necessary for failure. The collet houcing has three flow
holes in t h r- thin scetion equally spaced around the circumference.
The obr.crved cracks have been confined pr imarily to the areas below
and bet ween the holes and near the area where the wall thickness of
the collet housing chantes. Since all the cracks execpt those
located at the chance in wall thickness are fairly shallow and
since those at the change in wall thickness are largely confined
to the ci rcumf erent i al area between holes, the net st rength of the
cracked housings is still far greater than necessary to pe r f or m
their function.

A test drive at GE that had experienced over 4000 scram cycles had
a more extensive developed crack pattern. Although the satisfactory
experience with this cracked test housing is encouraging, its
performance may not be correlated directly to that of e -ives in
serviec, as this test drive was subjected to lower temperatures,
and possibly less severe thermal eyeles than could be encountered
in actual service. The cracks were first natiecd on the test drive
after about 2000 cycles - many more eyeles than the cracked housings
at Dresden 3 had experienced.

The chance that a '.arge number of collet housing would fail completely
at about the same _ime is very remote. This is primarily true because
the distribucion of f ailures by eracking mechanisms such as st resss

corrosion and f at igue are not linear functions. That is, failure
is a function of lor tine or log cycles. Dist ribution of failures
of similar specimens generally follow a log normal pattern, with
one to two orders of magnitude in time or cycles between failures
of the first and failures of the last specimen. As no collet
housing has yet failed, we are confident that there would be very
few, if any, failures during the next time period corresponding to
the ,tutal service life to date.
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Existing limiting conditions of operation allow operation to continue
with up to six inoperable control rods. Existing surveillance
requirements specify that daily surveillanec of the condition of
all fully or part ially withdravn rods would not have to begin until
three rods are found inoperabic. We do not consider that thesei

existing limiting conditions of operation and surveillance requirements
sufficiently limit the possibility of operating for an extended
pe riod of t i:x with a number of rod drive occhanisms which ennnot
be moved. We have theretore concluded that the Technical Specifi-
cations should be changed as discussed below.

,

(a) One stuck control rod does not create a significant safety
concern. However, if a rod cannot be moved and the cause

'

of the tailure cannot he determined, the rod could have a
failed collet housing. A potentially failed collet housing
would be indicative of a problem which could eventually
affect the scram capability of more than one cont rol rod.
Since the cracks appear to be of a type which propagate
slowly, it is highly unlikely that a second, control rod
would experience a failed collet housing within a short period
of time af ter the first failure. Theref ore, a pe r i od o f time
of 48 hours can be allowed to deternine the cause of failure.
This period is considered long enough to determine if the
cause of failure is not in the drive mechanism, yet short
enough to be reasonably assured that a necond collet f ailure
does not occur. There f ore Sect ion 3.3. A.2 ( Reactivity Margin -
Stuck Control Rods) should be expanded to re qui re that
if a control rod cannot be moved during nornal operation,
testing or scram, the reactor shall be shutdown within 48

hours if the reason that it cannot be moved cannot be shown
to be due to causes other than a failed collet housing.

(b) If a control rod drive cannot be moved, the cause of the
stuch rod might be a problem af f ecting other rods. To
ensure prompt de tect ion of any additional cont rol rod drive
failures which could prevent novement, Section 4.3.A.2.should
be expanded to require surseillance every 24 hours of all
partially and fully withdrawn rods if one rod d rive is found
to be stuck.

,,,

Until permanent corrective measures are taken to resolve the potent ial
for stuck cont rol rods due to failed collet housings, we balieve that
these additional specifications provide reasonable assurance that an
unae'ceptable number of control rod collet housing will not fait during
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operation. Upon completion of the invest igat ions beint, perf ormed
by GE, addit ional correct ive act ions inay permit revision of these
requirements.

__O.N_.. __CLtlSIONC

We have concluded, based on the considerations diseussed abave, that:
(1) the re is reasonable assurance that the health and saf ety of the
public will not be endanrered by operation in the proposed stanner ,
and (2) such netivities will be conducted in compliance with the
Conmisr. ion's regulations and the issuonee of this amendment will
not be inimical to the common defense and security or to the health

and safety of the public.

Date: SEP 2 4 1975
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3.0 LIMITED CONDITIONS FOR OPERATION 4.0 SURVEILI ANCE REQUIREMENTS

2. Reactivity margin - stuck control 2. Reactivity margin - stuck control -

rods. rods.

Control rod drives which cannot Each partially or fully withdrawn
be moved with control rod drive operable control rod shall be exer-
pressure shall be considered in- cised one notch at least once each
operable. The directional control week. This test shall be performed
valves for inoperable control rods at least once per 24 hours in the
shall be disarmed electrically and event power operation is continuing
the rods shall be in such positions with two or more inoperable control
that Specification 3.3.A.1 is met, rods or in the event power operation
If more than six non-fully inserted rods is continuing with one fully or
are inoperable during power operation partially withdrawn rod which cannot
the reactor shall be placed in a shut- be moved and for which control rod
down condition. If a partially or drive mechanism damage has not been
fully withdrawn control rod drive ruled out. The surveillance need not
cannot be moved with drive or scram be completed within 24 hours if the
pressure the reactor shall be b ought number of inoperable rods has been
to a shutdown condition within 48 hours reduced to less than two and if it has
unless investigotion demonstrates that been demonstrated that control rod dri d
the cause of the failure is not due mechanism collet housing failure is nat
to a failed control rod drive mechanism the cause of an immovable control rod.
collet housing.

B. Control Rod Withdrawal B. Control Rod Withdrawal

1. Each control rod shall be coupled 1. The coupling integrity shall be
to its drive or completely inserted verified for each withdrawn control
and the directional control valves rod as follows:
disarmed electrically. This require-
ment does not apply when removing a (a) when the rod is fully withdrawn
control rod drive for inspection as the first time subsequent to
long as the reactor is in the refuel, each refueling outage, observe
ing mode. that the drive does not go to

the overtravel positica; and

3.3/4.3-2 76
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Bases Continued 3.3 and 4.3: ;

with drive pressure. If the rod is fully inserted and then disarmed electrically *, it is

in a safe position of maximum contribution to shutdown reactivity. If it is disarned

electrically in a non-fully inserted position, that position shall be consistent with the
shutdown reactivity limitation stated in Specification 3.3.A.I. This assures that the core
can be shutdown at all times with the remaining control rods assuming the strongest operabic
control rod does not insert. An allowabic pattern for inoperabic control rods, which shall
meet this Specification, will be available to the operator. The number of rods permitted
to be inoperable could be many more than the six allowed by the Specification, particularly
late in the operation cycle; however, the occurrence of more than six could be indicative
of a generic control rod drive problem and the reactor will be shutdown. Also if damage
within the control rod drive mechanism and in particular, cracks in drive internal housings,
cannot be ruled out, then a generic problem affecting a number of drives cannot be ruled out.
Circumferential cracks resulting from stress assisted intergranular corrosion have occurred
in the collet housing of drives at several BhRs. This type of cracking could occur in a
number of drives and if the cracks propagated until severance of the collet housing occurred,
scram could be prevented in the affected rods. Limiting the period of operation with a
potentially severed rod and requiring increased surveillance after detecting one stuck rod
will assure that the reactor will not be operated with a large number of rods with failed
collet housing.

.

B. Control Rcd Withdrawal

1. Control rod dropout accidents as discussed in the FSAR can lead to significant core damage.
If coupling integrity is maintained, the possibility of a rod dropout accident is eliminated.
The overtravel position feature provides a positive check as only uncoupled drives may reach

[ this position. Neutron instrumentation response to rod movement provides a verification
that the rod is following its drive. Absence of such response to drive movements after the
reactor is critical would indicate an uncoupled condition.

2. The control rod housing support restricts the outward movement of a control rod to 3ess than
3 inches in the extremely remote event of a housing failure, The amount of reactivity which
could be added by this small ameunt of red withdrawal, which is less than a normal single
withdrawal increment, will not contribute to any damage to the primary coolant system. The
design basis is given in Section 6.5.1 of the FSAR and the design evaluation is given in

*To disarm the drive electrically, two amphenol type plug connectors are removed from the drive insert
and withdrawl solenoids rendering the drive immovabic. 1his procedure is equivalent to valving out
tbc drive and is preferred :ince it allows continued cooling *:ater flow and minimizes crud accumulation
in the drive.

3.3/4.3-9 g
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