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Cracks have been detected in the collet housings of the control rod 
@d1vi at Dresden Unit 3, Browns Ferry 1, and Vermont Yankee. The 

problem appears to be a stress assisted corrosion problem that may 

be generic to most boiling water reactors. 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 

enclosed.

Sincerely, 

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

Enclosures: 
1. Technical Specifications 
2. Safety Evaluation 

cc: See next page
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UNITED STATES 

.. • NUCLEAR REGULATORY- COMMISSION " 

WASHINGTON. Q. C. 20SSS 

SAFETY EVALUATIOU BY THE OFFICE OF MCLEAR REACTOR REGULATION 

"SUPPORTING "AMENDMENT TO "LICE.XSEI"N0. DPR-59 

ANiD 

CHANGES TO TEE TECM,;ICAL SECtrICATIo'S 

INOPERABLE CO"TROL ROD L1MITATIONS 

-POWER AUTHORITY OF THE STATE OF NEW YORK 
NIAGARk-t.I01A,. PO.._ER CORPORATION 

JAMES A. FITZPATRICK NUCLEAR POWER PLANT 

DOCC.T NO. 50-333 

INTROiDUCTION 

On June 27, 197"5, Com.,nwealth Edison Compaony (CE) informed MRC thaet 
cracks had been discovered on Lhe outside surface of the collet housings 

of four cotrtrol rod drives at Dresden UniL 3M.. The-.cracks w.re 
discovered while perfuorming maintenance of the con4rol r,J drives; Lhe 
reactor was shuLdoa-n for refueling cnd maintenance. In a letter dated 
July 3, 1975, CE infomn.ed us that if .the cracks propagated until the 
colleL housing failed, the affected cOntrot rod could not be moved(2).  
In a meeting with, representativ\'s of Gennral Electric (CE) and CE we.  

wore advised thkt further in:,cetions reve:.:lvd cracks in 19 
of the 52 Dresden 3 control rcd drives iusctced, in one spare Dresdcn 
2 control rod drive, in one Vermant Yankae snare control rod drive 

* and in two Cf .ost drives(3), in a repot darted uly 30, 1975, after 
additional rod drives were inspected, CE st.ted Lhat cracks had been 
found in 24 of 65 drives inspected( 4 ). Rece.ntly, the Tennessee Valley 
"Authority reported that ýracks were found in"-the collet housing of 

( Telograrn to J. Keppler, Region III of the NRC, June 27, 1975, 
Docket No. 50-249.  

(2) Letter from B. B. Stephenson, C(omronwealth Edison Company to 
James G. Kepplr, U. S. Nuclear Rpgulafory Conission, July 3, 
1975, Docket No. 50-249.  

..(3) Memo from L. "N'. Olshan, Division of Techni.ral Review (DTR) to 
T. M. Novak, DTR, "?1.eting on Crackls Found in Dresden 3 rontrol 
Rod Drive Collet Retainer Tubes,': July 18, 1975.  

(4) Letter from B. B. Stephenson,,C*oronwealth Edison COmpany to 
James G. K-eppler, U. S. NuClear Regulatory Commission, July 30, 
1975, Docket No. 50-249.
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seven of nineteen drives inspected at Browns Ferry 1 and Vermont Yankee 
found cracks in the collet housing of 4 of 0 'control rod drives inspected.  
Because a number of control rod drives have been affected, because 
complete failure of the drive collet housing could prevent scram or 
the affected rod, and because w:e do not consider existing license 
requirements adequate in view of .Lhe collet housing cracks experienced, 
we have concluded that the Technical Specifications should be changed 
for those reactors with control rod drive designs susceptible to coilet 
housing cracks. The chanze should assure that reactors which could 
be affected would not be operated for extended periods of time with a 
control rod which cannot be moved.  

DESCRIPTION 

The control rod. drive is a hydraulically operated unit r.made up pri-.arily 
of pisto:s, cylin.ders and a loc'kr-. mechnni-r.; to hold the movable parc 
of the drive at••he d.sired po sition. The ýmovable part of the dri'.  
includes an indez LL'be 6:ith circu-iferentiai grooves lochted six inches 
apart. "L'-e c.l let %.se.•*ly ,*iich serves a.; the inde::x tube lockinz mechnin conain in xc;L 
me:chanism conLair. Nn-ers which enza'e a •roo-:e in the index "ub
when the drive is o-C.ed in position. In ad.ition to 'the coale., the 
collct a?;s:cr.bly includes a return sprin'i, a 2uiide cap, a colct :*t:ainer 
tube (c.llc]:t housin;-) znd coll:t piston seals. The collet hnui;,z 
surroun-Is the colle: and sprin.; assembly. 11ke collert hous-n:: is a 
cylinder w:ith an .,.cr .ction of wal' thickness 0.1 inches and a 
lover sec'tion with a wall thickness of abo•:t 0.3 inches. The cracks 
occurred o L the outer.surface of the upper" thin walled section rear 
the chan-e in *all :.hickness.  

1. Conseauences of Crackinz 

The lower edges of the n'rooves in the index tube are tapered., 
allowing index tube insertion without mechanically openin-E, the 
collot fingers, as they can easily sprirn outtwardl. If the coliet 
housing were Lo fail completely at the reported crack location, 
the coil collet spring could force the upper part of the colie" 
housing and sprirg retainer upward, to a location where the sprin 2 
and spring retainer would be adjacent to the collet fingers.  
The clearancv' beLween the callet fin:;crs and the spring ,nw,. in 
this location -will not permit the dollet fingers to spring out 
of the index tube sroove. This would lock the index tube in this 
position so that the 'control rod could not be inserted or withdrawn.  

Jr 
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The failure of some control rods to operate has previously 
been evaluated and the Technical Specifications presently 
allow a 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.  

2. 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 movements. Duri-bg 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 yield the material, leaving a high residual tensile stress 
on ther outer surface.  

The collet housing material is type 304 austenitic stainless steel.  
The lower portion of the collet housing has a thicker wall and its 
inner surface is nitrided for weai resistance. In 1960-61, similar 
drives using high hardness 17-4 P11 material for index tubes and other 
parts were found to have developed cracks. The problem caused GE 
to switch 'to nitrided stainless steel. The nitriding process 
involves a heat treatment 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 used 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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3.Probability.of Early Failure 

We believe that the cracking is progressive And is cycle dependent.  
Although th's details of* the crackipg process are still not clear, 
we have not -identif-ied any mechanism that would cause rapid cracking 
with progression to complete circumferential failure.  

The axial loads on the housings are very low at all tim-es so that 
through wall cracks would have to progress at least 90;; around the 
circumference before -"-.re would be concern about a circumferential 
failure.' Althou-.-h one housim. at Dresden 3 had three cracks which 
nearly joined around the circumferecnce, no cracks at DreSden 3 were 
through will and. none of :ehousingys examined Approached th~e de:.rcee 
of cracking r.'cessnrv for failure. The coliet housing has three flow~ 
holes in tethin section equally spaced arou-. the circurerencý.
The observe:d cracks hzv~been confi-ned prirariily to the areas o' 
and bel~we,--n :.e holcs a: near Lhe area whcerc. the wall thtckn'pss of 
the collet lhousiný' cha;.;:cs. Since all the cracks except those 
located alt the chian.-eý in wall thick~ness are. fairly shallow and 
since thlý-;e at ti~ hnein w-311 thiicknes.-s rre largely corifir.':d 
to the. circu::.feýrc-ntial area betwe-en hales, the net stren.-th -of thie 
cracked' hotisiv.;s is still far greater than ,.necessiry to perarmr 
their function. ' 

A test drive at CE thait had exper'i Enrced over 4000 scram cycl-sha 
a nare extcrsive develot'e:d crack, -týtc-rn. Althaurh "he saistactý;ry 
experien~ce vith this crac'ked Les', hous 'imn is P.-cour.;,in-g, its 
pefrac a ~n,>L e .corrpla:.cd directly I.,, ~th~aL of eives in 

and poisibly less sev-ereC Lhormal ryclos thnn could be encountcrted 
in actual Service. Tlhe cracks were firstL noticed on the L-est driVe 
after about ZU~OO cycles - many miore cycles than the crackcd nousinczs 
at Dresden 3 had expe~rienced.  

*The chance th.at a lar-e number of collet housin-g -would fail comolet ely 
*at about the A -0 tirme is very r ezia t e. This is primarily true -ecause

the distributions of failures by cracking. mechanisrs such as st-ress 
corrosion and f2.tigue are not linear functiors. That is, failure 
is a Tfunction of lop. tice or log- cycles.. Distribution of~faiiturer 
of similar speci:-mens generally follow a log. nor-mal pattern, with
one to two orders of :~~iuein time or cvcle's betwe-en failures 
of the first and failures of the last specimen. As no collet 
housing has yet failed, we are confrident thal. there would be very 
few, if any, failures during the next tirae*'eriod corresponding 'to 
the total service life to daLO2.  
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4. ,Changes to Technical Specifications 

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 withdra,.m 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 reactor shall be brought to a Cold Shutdown Condition 
within 24 hours to perform a shutdown margin test. If the shutdo%%n 
margin requirements are determined to be met the reactor may be 
returned to operation with the rod which is incapable of being 
inserted. '6'e do not consider that these existing requirements 
sufficiently limit the possibility of operating for an extended 
period of time with a nu3::ber of rod drive mechanisms which cannot 
be moved. h;e have therefore concluded that the Technical -Specifi
cations should be changed as disussed below. .  

One stuck control rod does not create a significant safety 
concern. Hoiw'ver, if a rod cannot be moved and the cause 
of the failure cannot be determined, the rod could have a 
failed collet housing. A potentially failed collet housing 
would be-indicative of a problcn which could eventually 
affect tho scram capability of more than one control 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 col let 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 
continued power operation with a partially or fully withdrain 
control rod which cannot be moved with drive or scram pressure, 
unless (3) investigation has demonstrated that the cause of the 
failure is not a failed contrdl roV drive mechanism collet housing, 
aqnd (2) adequate shutdown margin has been dembnstrated.  

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

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

CONCLUS ION 

We have concluded, based on the considerations discussed above, that: 
(1) there is reasonable assurance that the health and safety of the 
public will not be endangered by operation in the proposed manner, 
and (2) such activities will be conducted in compliance with the 
Commission's regula'ions and tihe issuance of this ar.,endrment wIll 
not be inimical to the com.nion defense and security or to the health 
and safety of the public.  

Dated: SE. 19 Wi'75 
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3.3 (contld)

a- Control - rods which 
cannot be moved with 
contr1 rod drive 
pressure sh.,ll be 
considered inoperable.  
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 demonstrated that the 
cause of the failure is 
not a failed control rod 
drive mechanism collet 
housing, and (2) adequate 
shutdown margin has been 
demonstrated as required 
by Specification 4.3.A 

b. The control rod 
directional control 
valves for inoperable 
control rods shall be 
disarmied 
electrically

c. Control rods with 
scram times greater 
than those perrmitted 
by 
Specification 3.3.C.3 
are inoperable, but 
if they (4on be 
insertex w•ith control 
rod drive pressure 
* they need- not be 
disarmed 
electrically.

a. Each partially or fully 
V-ithdra'.7f eteable control 
rod shall be e::ercised one 
notch at le;st once each 
• 1:Qf. when operatinfg above 30 

•rcent power. In the event 
t::er operation is 
continuing with three or 

inocrable control 
rods, this test shall be 
p-.rforraod at least once each 
day, %iw-en operating above 
50 percent power.

\
b. A second licensed operator 

shall verify the confor~'itnce 
to So•ecification 3.3.A.2-d 
biflo•• a rod may be bjpassed 
in the Rod Sequence Control 
Sy Stem.  

c. Once per week check status 
of Tpressure and level alarms 
for eabh accunulator.

89
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d. Control rods with a 
failed -.-'ull-in* or 
"-Full-outU position 
switch may be 
bypassed in the Rod 

Sequence Control 
System and considercd 
operable if the 
actual rod p-sition 
is known. These rods 
must be moved in

d. .-hcn it is initially deten-nined that a con
trol :od is iL:wsp.iblc of normal insertion, an 
a~ tt,::t to ful Iy i.sc-t the control rod shall 
b,• m:::. If thce control rod cauiot be fully 
i.iertcd " 

shtdw . r:in test shall be made to demonstrate nder! 
this condition thUt the core can be m]ide sub
critx' ior ;ytivity mvr-.c L =1ioditon during 
- ,"n..r of th. ooerattini, cycle with the 
,an .ly'ti caily dezcr'.i:.ed, hi~hcstt worth control 
rod c.blo of i l, fully withdrawn, and ( 
"all olh'.r control rods capable of insertion fully 
insci~ted. If Specification 4.3.A.1 is m1et, 
rcactor startap 7'a.y p:oceAd.

89a
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3.3 (conttd) 

sequence to their 
correct positions 
(full in on insertion 

and full out on 
withdrawal).  

e. Con trol rods with 
inoperable 
accumulators or those 
whose position cannot 
be positively 
determined shall be 
considered 
inoperable.  

f. Inoperable control 
rods shall be 

-..... positioned such that 
Specification 3.3.A.1 
is; ::-et. In addition, 
during reactor power 
operation, no more 
than one control rod 
in any 5 x 5 array 
may be incperable (at 
least 4 operable 
control rods must 
separate any 2 
inoperable ones) . If 
this specification 
cannot be met the 
reactor shall not be 
started, or if at 
power, the reactor 
shall be brought to a 
cold condition, within 
24 hr.

90



the control cell geomctry and 
local k,.- 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 stroncgest) 

is not necessarily the 
strongest rod in the core.  
Studies have been made which 
compare experimental criticals 
with calculated criticals.  
These studies have shown that 
actual criticals can be 
predicted within a given 
tolerance band. For gadolinia 
cores the additional margin 
required due to control cell 
material manufacturin9 
tolerances and calculational 
uncertainties has expoyri
mentally been determined to be 
0.38% A k. When this 
additional margin is 
demonstrated, it assures that 
the reactivity control-.  
requirement is met.  

*2." Reactivity Margin - Inoperable 
Control Rods 

Specification 3.3.A.2 
requires that .a rod be taken 
out of service if it cannot be 
moved with drive pressure. If 
the rod is fully inserted, it 
is in a safe position of

4

maximum contribution to shut
down reactivity. If it is in 
a non-fully inserted position, 
that position shall be con
sistent with the shutdoýnn 
reac-tivity lV:aitation sta~ted 
in S C icification 3.3.A.1.  
This a-sures that the core can 
be shut down at all times with 
the remiaining control rods 
asswaing the strongest 
operable control rod does not 
insert.

Inoperable bypassed rods will 
be limited within any group to 
not more than one control rod.  

.. of a (5x5) twenty-f ive control 
rod arroy. TVie use of the 
individual rod bypass sw.itches 
in the Rod Sequence Control 
Sys;tem (RSCS) to substitute 
for a failed full in or full 
out position switch will riot 
be limited as long as the 
actual position of the control 
rod is known.  

Also if damage within the control rod drive 
mcchanismnand in particular, cracks in drive 
internal bousings, cannot bc ruled out, then a 
ge~e'ic, problem affecting a number of drives 
cannot be ruled out. Circtm.Werential cracks ( 
rcsul t inv from st.ress i!;s s ted intergranniular 
corrosion have occurred in the collet housing 
of drives at several. Bi'Rs. This type of 

crackiing could occur in a nuiLiber of drivCs 
and if the cracks propagated until severance 
of the collet housing occurred, scram could 
he prevented 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.

I 
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B. Control Rods 

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

(
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JAFNPP3.3 and 14.3 BAS•S (cont'd)

position feature provides a 

positive check as only un

coupled drives may reach this 

position. Neutron instruClen
tation response to rod 
moveuient provides a verifi

cation that the rod is 

following its drive.* Absence 

of such response to drive 

movement could indicate an 

uncoupled condition. Rod 

position. indication is 

reauired for proper function 
of the RSCS and the Rod Worth 
Minimizer (RWI) 

2. The control rod housing 
support restricts the outward 

movement of a control rod to 

less than 3 in- in the ex

tremely rerote event of a 

housing failure. The amount 

of reactivity which could be 

added by this small arnount of 

rod withdrawal, which is less 
than a normal sinqle with

drawal increment, will not 

contribute to any damage to 

the Primary Coolant System.  

The design basis is given in 

subsection 3.8.2 of the FSAR, 
and the safety evaluation is 

- given in subsection 3.8.4.  

This support is- not required 
if the Reactor Coolant System 

is at at-mospheric pressure 

since there would then be no

P

driving force to rapidly eject 
a drive housing. Additional

ly, the support is not 

re•'aired if all control rods 

are fully inserted and if an 

adequate -hutdown tmtrqin with 

one control rod withdrawn has 

been demonstrated, since the 

reactor would remain sub

critical even in the event of 

complete ejection of the 
strongest control rod.  

3. The RSCS and the RWM System 

restrict withidrawal.i and in

sertions of control rods to 

.those listed prespecified 
control rod sequences which 

are established to assure that 

the maximl:t individual control 

rod worth pricr to withdrawal 

shall be less than 1.25'A k.  
These sequences are developed 

prior to initial operation of 

• the unit to limit the 

reactivity worths of control 

ro•ds in the core, and toqether 
with the integral rod velocity 

limiters, limit potential 

reactivity insertion such that 
the results of a control rod 

drop accident will not exceed 

a maximum fuel energy content 

of 280 cal/gm, reference 
Sections 3.6.6, 7.17, and 

14.6.2 of the FSAR and NEDO

10527 and Supplement 1 to

100
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