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With the Plant in hot shutdown condition in December 1986, primary 
coolant system leakage of approximately 0.12 gallons per minute was 
observed. Subsequently, control rod drive seal housing _number 101 was 
removed from the reactor head and dye penetrant tested. Testing 
identified positive circumferential indications around the inner drive -
shaft housing. Investigations revealed that this seal housing was one 
of three.seal housings procured in 1977. The remaining two seal 
housings from this lot were removed and dye penetrant tested. Tests 
revealed similar positive indications. Eleven additional housings were 
removed and tested with no similar-indications noted. 

In September 1988 five of six seal housings removed and tested had 
positive dye penetrant indications. The 39 seal housings remaining on 
the head were then tested with six additional housings exhibiting _ 
positive indications. Nine of the 11 housings were repaired by honing 
and localized grinding processes and then tested using a fluorescent dye 
penetrant. 

From vendor analyses it is postulated the indications- are the result of 
contaminant induced transgranular stress corrosion cracking. However, no 
contaminant was identified. Crack propagation studies indicate that it 
would take approximately five years for a 0.030 inch initial depth crack 
to go through the entire housing wall. 
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Descriptiqn. _ 

~n Dec.ember 1986; with the Plant :i,n hot shutdown condition (ie, 
530 degrees, 2150 psia), engineering walkdowns identified control rod 
drive mechanism (CRDM) number 101 (head position 25) to. be exhibiting 
primary coolant system (PCS) leakage of approximately 0.12 gallons per 
·minute. The CRD seal. housing [SEAL;AA] was removed.from the reactor 
head and during bench testing, exhibited leakage from the drive shaft 
tube penetration •. Subsequently, on December 17, 1986, dye penetrarit 
inspections identified positive circumferential indications_ around the 
inner diameter of the motor tube sleeve. 

On :Oecember 17, 1986, due to positive dye penetrant indications on CRD 
seal housing 101, an additional six seal housings were dye penetrant 
tested per ASME Section XI. No similar positive indications were noted. 

On December 19, 1986, CRD seal housing 101 was sent to Combustion 
Engineering to determine the primary failure mechanism via destructive 
and metallurgic examination. A records search initiated by both the ', 
licensee and vendor indicated that CRD seal housing 101 was one of three t 
spare CRD seal housings procured from Combustion Engineering in ~977. 
Also indicated was. that the seal housings were manufactured from the 
same materials and comprised the entire manufacturing lot. The 
remaining s_eal housings were determined to be on the reactor head in 
positions 23 and 28. 

On January 7, 1987, CRD seal housings 102 and 102 (head position 23 and 
28 respectively) were removed and dye penetrant tested-. Both seal 
housings exhibited positive indications similar to CRD seal housing 101. 
Subsequently, both seal housings were sent to Combustion Engineering for 
further examination. 

On January 9, 1987, due to the additional findings on seal housing 103 
and 102, and per ASME Section XI, five additional CRD seal housings from 
the originally supplied lot were removed and dye penetrant tested. No 
similar positive indications were noted. 

The Combustion Engineering destructive and metallurgical analyses 
indicate that the axial and circumferential cracking existing on the 
inner diameter of the motor tube sleeve is a result of transgranular 
stress corrosion cracking. 

During the refueling outage of 1988, as part of the long term corrective 
actions taken in response to the indications noted above, six CRD seal 
housings (serial numbers 2966-02, 09, 35, 36, 44 and 45) were removed 
and dye penetrant tested. On September 21, 1988, test results revealed 
that five of the six CRD seal housings were exhibiting positive 
indications similar to those found in 1986. Seal housing 35 did not 
exhibit unacceptable indications, while seal housing 02 contained a 
positive 360 degree indication. 
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Due to the positive indications noted in the. 1988 sample, the remaining 
39 CRD seal housings on the reactor head were removed and dye 
penetrant tested. As a result of these inspections, :six additional CRD 
seal housings (serial numbers 2966-11, 14, 27, 30, 41 and 50) were found 
to be exhibiting positive indications. Therefore, a total of 11 out of 
the 45 CRD seal housings tested in 1988 failed the dye penetrant 
examination. Between.the identification of the 1986 and 1988 positive 
dye penetrant.indications, 13 CRD seal housings were inspected with no 

.evidence of indication. Ten of these 13 housings were again inspected 
in 1988 and again, no evidence of indications were noted. The remaining 
three housings not reinspected are spares that were not in service. 
These spare housings were rebuilt and inspected in March 1986. 

Repair of the CRb seal housings was pursued in accordance with. ASME 
Section XI via a honing process. As a result of this. process, the 
indications were characterized to typically be 0.003 to 0.004 inches in 
depth. The maximum depth indication has been determined to be. 
0.012 inches. In addition to these repair efforts, CRD seal housing 02 
had been sent to Combustion Engineering for destructive· examination and _ l_ 

testing. In order to provide assurance that the honing process was l 
completely removing the existing indications, a fluorescent dye 
penetrant test procedure was developed. This test was designed to have 
a minimum sensitivity of approximately 4.0E-7 inches whereas the standard 
dye penetrant test would reveal indications on the order of 2.0E-6 inches. 

The nine previously repaired CRD seal housings were again removed from 
the reactor head and the fluorescent testing performed. This testing 
revealed that indications remained within several seal housings. A 
review of previous standard dye penetrant tests revealed a good correlation 
between remaining indications and those originally identified. These 
remaining indications were then removed by localized grinding efforts 
and the seal housings reexamined using the'fluorescent penetrant test. 
This further testing revealed no remaining indications. The total 
maximum material removed to eliminate these indications was 0.015 inches. 

Cause Of The Event 

.r' 

The cause of.the indications identified in 1986 has been attributed to 
transgranular stress corrosion cracking. However, the initiating factor 
of the transgranular stress corrosion cracking could not be determined. 
There is evidence of a contaminant being present on the fracture 
surface-; however, the specific contaminant could not be determined. 
Metallurgical analyses of the housing indicate that the primary elements 
identified are consistent with those found in Type 304 stainless steel 
and dye penetrant fluid and deveioper. Additional elements were 
identified which are known to promote transgranular stress corrosion 
cracking (ie, potassium) in stainless ~teel; however, no explanation for 
their presence could be determined. Nor could an exact correlation be 
derived between their existence and the crac;king. The presence of the 
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contaminant and evidence of transgranular stress corrosion cracking 
originally appeared to be an isolated case, associated.with the 
manufacturing lot comprised of CRD seal housings 101, 102 and. 103. 

The positive.dye penetrant indications exhibited on the 11 CRD _seal 
housings discovered in September, 1988 have again been attributed to 
transgranular stress corrosion cracking. This conclusion was primarily 
derived from data taken and analyses performed by Combustion Engineering 
during destructive testing of CRD seal housing 02. These efforts. 
focused on evaluating stresses imposed by shrink fitting and welding . 
processes during manufacturing, and operating stresses normally imposed. 

· Analyses concluded that there is no evidence of fatigue cracking and 
that the indications are transgranular in nature. Although no traces of 
corrosive contaminant have been identified in the 1988 sampling, it is 
assumed that the crack initiation and subsequent growth were accelerated 
by t_he presence of a contaminant. This is due to the fact that the 
steady stresse~ computed would not otherwise be anticipated to result in 
the cracking exhibited. 

Corrective Actions 

After discovery of the positive dye penetrant indications in 1986, 
Combustion Engineering was contracted to perform destructive and 
metallurgical examinations upon the faulty seal housings. These 
examinations concluded that the indications were indicative of 
contaminant induced stress corrosion cracking. Even though the 
contaminant could not be positively identified, its presence was felt to 
be limited to the specific manufacturing lot comprised of CRD seal 
housings 101, 102 and 103. The conclusion was based on the fact that 
these three housings procured in 1977 exhibited positive indications 
while 11 other·housings tested from the orig;i.nal manufacturing lot did 
not. All ASME Section XI sample size requirements were exceeded in 
reaching this conclusion. · 

Since, the origin of the contaminant could not be conclusively derived, 
an inspection program was initiated to specifically test for future 
housing indications. ·As part of this program, 13 additional seal 
housings were inspected between December 1986 and March 1988. No 
positive indications were noted during these inspections. 

After identifying 11 seal housings exhibiting positive dye penetrant 
indications in September 1988, Combustion Engineering was again 
contracted to determine the cause of the indications and to detail the 
crack propagation rate. These efforts have again resulted in the cause 
of the indications being attributed to transgranular stress corrosion 
cracking. CRD seal housing 02 was destructively examined in reaching 
this conclusion. Nine of the remaining ten seal housings were repaired 
by honing and localized grinding process and returned to the reactor 
head. Using the predicted stresses already induced, future operating 
stre~ses expected and data based on the depth of existing cracks, 
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"transgranular stress corrosion crack extension was ~st;i.mated as a 
function of future operational time. From this analysis it ·is concluded 
that cracks on the order of 0.030 inches deep require at least four · 
years to· encroach on the minimum a·cceptable· wall thickness of the 
housing. It was further concluded that greater than five years would'be 
required to achieve a through wall crack. 

All 45 CRD seai housings currently· installed on the reactor head have 
been dye penetrant tested. An evaluation is currently in progress which 
will determine·the frequency and number of seal housings to be inspected 
during future shutdowns. An engineering analysis of the physical design 
and manufacturing characteristics will be completed in order to identify 
any desirable seal housing design changes. Upon completion of this 
analysis additional spare CRD Se?l housings will be manufactured and 
procured for stock in the event of future positive dye penetrant 
indications. Prior to.installation of any new seal housings, baseline 
inspections will be performed to assure no positive indic~tions are 
present. 

Analysis Of The Event 

The· significance of a total failure (ie, 360 degrees through wall crack. 
of the motor tube sleeve) would have been a resultant small line break 
loss of coolarit accident equivalent to a two and a quarter inch diameter 
pipe break. Loss of c9olant accidents due to pipe break have been 
analyzed from small breaks to a complete double-ended severance of a 
42 inch diameter PCS pipe break and are compensated by the Emergency 
Core Cooling System and it's associated limiting conditions of 
operation. 

Based on analyses co~pleted to date, the potential for a total CRD seal 
housing failure is extremely small. This conclusion is based on the 
ability to detect cracks prior to significant degradation, stresses 
imposed on the housings and the time required for a crack to propagate 
through wall. Therefore, this item is not considered a safety concern 
for continued Plant operation. 
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DOCKET 50-255 - LICENSE DPR-20 - PALISADES PLANT -
LICENSEE EVENT REPORT 86-040 - REVISION 3 - CRACKING OF CONTROL ROD DRIVE SEAL 
HOUSINGS 

Licensee Event Report (LER) 86-040, (Revision 3 - Cracking of Control Rod 
Drive Seal Housings) is attached. This event is reportable to the NRC per 
10CFR50.73(a)(2)(ii). This revision provides additional information regarding· 
P.ositive dye penetrant indications obtained during the Refueling Outage · 
testing of 39 seal housings on the reactor head in conjunction with the 
original finding in 1986. · 

Brian D Johnson 
Staff Licensing Engineer 

CC Administrator, Region III, USNRC 
NRC Resident Inspector - Palisades 
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