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On July 28, 1991 at anproximately 2300 hours, 11 of 76 Drywell head bolts were
discovered to be loose during a required 10 CFR 50 Appendix J integrated ieak rate
test (ILRT). The test was being performed at full pressure (45 psig), near the end
of a refueling outage, and after a satisfactory local leak rate test (also at 4%
psig) of the Drywell head gaskets. The cause of the loose Drywell head bolts was
the failure of some of the spherical type washer sets that are part of the Orywell
head flange connection. The primary cause of the failed washers was the use of
washers made of case hardened AISI 8620 material instead of nardened and tempered
AISI 4140 material. The exact source of the washers made of the AIS! 8620 material
had not been determined when this report was submitted. Factors possibly
contributing to the failure of some of the washers were the inverted installation
of some of the washers, corrosion, and crack nropagation over time. Corrective
action taken included the repiacement of all urywell head boit washers. The new
washers are mede of AISI 4140 material hardened and tempered to the specified
hardness. A subsequent ILRT was completed with satisfactory results on
August 6, 1991. Corrective actions planned include revising the pre:edure used to
inst211 the Drywe!! liead to include specific detail regarding how the Drywell head
washer sets are to be installed. The Drywell was manufactured by the Chicago
Bridge & Iron Company. The discovery occurred while shut down with the reactor
mode selector switch in the REFUEL position. The Reactor Vessel (RV) head vent
valves were open and the RV water temperature was B2 degrees Fahrenheit. This
report is submitted in accordance with 10 CFR 50.73(a)(2)(v)(C). The louse Drywell
head bolts were determined to be reportable on October 29, 1991, The loose bolts
posed no threat to the public health and safety.
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The safety objective of the Primary Containment System (PCS) 1s to provide the
capability in conjunction with other safeguard features, to 1imit the release of
fission products in the event of a postulated design basis accident so that offsite
doses would not exceed the guideline values set forth in 10 CFR Part 100. The PCS
design employs @ low leakage pressure suppression containment system which houses the
Reactor Vessel, the Reactor Recirculation System loops, and other branch connections of
the Reactor Primary System.

The Drywell is a steel pressure vessel with a spherical lower portion and a cylindrical
upper portion. The Drywell head, one double door airlock and two bolted equipment
hatches provide access to the Drywell. The Drywell head and equipment hatch covers are
boited in place and sealed with gaskets. The Drywell is enclosed in reinforced
concre*e for shielding purposes. Shielding over the top of the Drywe!l is provided by
removable, segmented, reinforced concrete shield plugs. The Orywell was manufactured
by the Chicago Bridge & Iron Company.

The Drywell head is removahle teo facilitate refueling operations, and is bolted in
place. There are two sets of spherical type washers and one nut for each of the 76
Orywell head bolts. Each washer set consists of one plano-concave washer and one
plano-ccnvex washer that mate at the concave and convex surfaces. The plano-concave
washer portion of a washer set 15 designed to be installed with the plano (flat)
surface against the Drywell head (upper washer sets) or against the Leywell top flange
(lower washer sets). Conversely, the plano-convex wazher portion of a washer set is
uesigned to be installed with the flat surface against the bolt head or nut.

The Drywell head was relanded on the Drywell head flange on July 22, 1991. The
tensioning of the Drywell head bolts was completed on July 25, 1991 at 0015 hours. The
ODrywell head gaskets were leak rate tested with satisfactory resuits at 45 psig and the
shield olocks were then installed. After pressurizing the Drywell to 45 psig, the four
hour stabilization period for the Integrated Leak Rate Test (ILRT) began on

July 27, 1991 at 0413 hours.

EYEMT _DESCRIPTION

On July ¢8, 1991 at approximately 2300 hours, 11 of 76 Drywell head bolts were
Giscovered to be loose during the ILRT. The discovery occurred after the shield blocks
were removed from their installed location above the Drywell head. The shield blocks
were removed as part of investigating the reason for the Drywell leakage rate observed
on July 27, 1991,

Failure and Malfunction Report 91-348 was written to document the discovery. A
critigue and root cause analysis were initiated as a result of the discovery of the
loose Drywell head bolts. The loose Drywell head bolts were determined to be
reportable on October 29, 1991 as a result of assessing the root cause analysis report.

NRC Form J08A (A4S
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The primary containment leak rate valu2 on July 27, 1991 was approximately 1.2 percent
per day. Prior to depressurizing the Drywell, the coniribution of the Drywe!l head
flange leakage to the Primary Containment Leak Rate value was determined to be
approximately 0.74 percent per day. The determination was made by eliminating leakage
from the ODrywell head flange and comparing the subsequent leak rate to the leak rate
value of 1.2 percent per day. The leakage from the Drywell hezd flange was eliminated
by pressurizing the volume petween the Drywell head inner and outer gaskets to the
Drywell pressure (45 psig).

The discovery occurred while shutdown, near the completion of a refueling outage, with
the reactor mode selector switch in the REFUEL position. The Reactor Vessel (RV) head
was installed with the RV head bolts tensioned. The RV head vent valves were open, and
the RV water temperature was £2 degrees Fahrenheit.

Nuclear Network entries were made on August 6, 1991 (OF 4743) and September 6, 1991
(1S 1042/SEN 83) regarding the Drywell head washers.

CAUSE

The cause of the loose Drywell head bolts was the failure of some of the washers that
were installed on the Drywell ..ead bolts at the nut end (lower washer sets). The
primary cause of the Drywell head wachers that failed was the use of washers made of a
material (AISI 8620) other than that specified in the design (AISI 4140). Factors
pocsibly contributing to the failure of some of the washers were the inverted
installation of some of the washers, corrosion, and crack propagation over time.

The exact source of the failed washers made of AISI 8620 material could not be
determined during the root cause investigation., Additional searches were conducted of
pertinent construction records in both records vaults and in the information retrieval
system (SEEK). The searches focused on specifications, reports/replies, orders,
permits, authorizations, and memoranda by the architect-engineer (Bechtel Corporation),
vendor (Chicago Bridge & Iron Company), and Boston Edison Company. These searches
revealed all of the Drywell head washers were replaced during original construction (¢.
1971). However, the searches did not reveal the exact source of the replacement
washers and washer material certification. A representative of the Chicago 8ridge &
Iron Company (CB&I) was contacted to establish the source of the replacement washers
and washer material through a search of CB&I records. This search had not been
completed when this report was submitted. This report will be updated ‘7 the CB&l
search of their records identifies the exact source of the AISI 8620 washers and washer
material.

The upper and lower washer sets of each Dryweli head bolt were inspected. The
inspection of the upper washer sets revealed all of those washer sets were installed
correctly. The inspection of the lower washer sets revealed 41 of these washer sets
were installed correctly. However, the other 35 lower washer sets were installed
inverted, 1.e. with the plano-concave portion of the washer sets installed with the
flat surface against the nut instead of against the Drywell top flange.

NSIC For o MOBA (b0
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The upper and lower washer sets consisted of a mixture of washers made from hardenec
and tempered AISI 4140 mat--1al and AIS] 8620 case hardened material. A file hardness
check of the cracked or broken washers that could be found showed all of the cracked or
broken washers wr e made of AISI 8620 case hardened material., Of the 22 cracked or
Lroken plano-concave washers, 16 were part of the washer sets that were installed
inverted. Of these 16 inverted washer sets, 11 washers were found broken. This higher
than random relationship indicates incorrect washer set installation was & contributing
factor in the failure of some of the Drywell head washers,

A metallurgica’ examination of two broken pleces from part of one washer ldentified the
washer material as AISI B620 which was case hardened. The cracked washer had a
hardened case, Rockwell h; raness Rceb2, which is very brittle. This type of material
is not as ductile as a 'oser hardness AIS! 4140 material nor does i1t have the
elongation properties.

A two-dimensional axi ymmetric finite element analysis of the washer/bolt configuration
was performed. The analysis postulated washer orientation coupled with bolt
misalignment. The analysis indicated a properly installed washer of either AISI 4140
or 8620 material would be ahle to withstand a bolt misalignment due to Drywall
head/flange alignuent of up to two (2) degrees without over-stressing the AISI 8620 or
4140 washer material. An inverted washer set would be acceptable only {f there was
minimal misaiignment. A bolt misalignment of over 0.3 degrees could cause enough
stress to pounntially fail the plano-concave washer made of sither material, assuming
the washer was inverted and had an existing flaw. The case hardened AIS] B620 can also
fracture under very low static stress if a corrosive medium fs present. Rust was
present on the washers when they were removied Also, the metallurgical exam showed the
AISI 8620 washer material had a heavy concentration of non-metallic inclusions in the
axial direction. Thes2 inclusions are a result of poor steel making practice ard
provided flaw initiation sites in the washers. Also, the AISI 8620 washer material had
a very pronounced axial grain orientation.

The orientation of the inclusions indicated the washer was machined from bar stock
whose axis was parallel to the axis of the washer. Thi: rosuits in lower tensile
properties in the circumferential direction. MWashers made from the case hardened AISI
8620 material were more susceptitle to failure due to the absence of ductility in the
hard case and the substantial inciusion level. The calculated stress intensities for &
0.3 degree «wisalignment ard an inverted washer set would be su* 1cient toc cause
ex\sting cracks to propagate to failure. A 0.3 degree misa’ . nt is not easily
discernable during installation. Crack initiation could have ocrurred cver time due to
corrosion or because of undetected minor manufacturing flaws.

Stress level. in inverted washers become very high 1f a bolt misalignment of more than
0.3 gugree exists., At that point, sliding and/or prying of the washers may occur.
This rould cause failure in an inverted washer. Sixteen of 35 inverted plano-concave
was“.s were found to be efither cracked or broken, but orly six (€) of 41 properly
oriented plano-concave washers were found to be cracked or broken. Of the six (6)
properly oriented cracked or broken plano-concave washers.  four (4) were next to or
netween inverted washers, It is not possible to determine whether the properly
installed washers which did fail would have failed if all washers were installed
correctly.

MALC Form BOBA O N0
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Quring the Drywell head instaliation, the bolts were torqued in accordance with

procedurs 3.M.4-48 (Rev. 13) and excessive preload s not considered to be a factor.
Several (eight) bolts were found loose after the initial torquing process and those
b01ts were retorqued prior to the loca! Teak rate test of the Drywell head gaskets.

CORRECTIVE ACTION

The following corrective actions have heen taken:

o Al) of the upper and lower Drywel] head bolt washer sets were replaced with new
washers made of AISI 4140 materia) hardened and tempered to the specified hardness
Tevel.

o All of the washer sets were installed correctly, 1.e. with the flat surface of the
plano~concave washer against the flange and the flat surface of the plano-convex
washer against the bolt head or nut.

¢ The subsequent ILRT was completed satisfactorily on August €, 1991.

¢ The Drywel! head bolt washer sets that were replaced were segregated for control
purposes.

¢ Drywell head bolt washers stocked as spare or replacement parts have been tes*ed to
verify the washers are made of hardened and tempered AISI 4140 (or equivalent)
material,

The following preventive actions are planned to preclude recurrence:

® Revise procedure 3.M.4-48 to include steps for a pre-job briefing for = ch shift
crew,

¢ Revise procedure 3.M.4-48 to include a 1ist of proper hand teols to be used.

* Revise procedure 3.M.4-48 to include a specific procedure step (with signoff) that
polt threads, nut threads, and washers have been lubricated with an approved
iubricant prior to bolting. This step is to ensure the sliding surfaces of the
washers are free to move during the bolting.

* Revise procedure 3.M.4-48 to include specific detall regarding how the Drywell head
upper and lower washer sets are to be installed.

¢ Revite procedure 3.M.4-48 to include a signoff that the washers have been installed
correctly.

HAC #pom JBBA (59D
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SAFETY CONSEQUENCLS

The loose Drywell head bolts posed no threat to the public health and safety because
the loose bolts were discovered during the ILRY and because primary containment was not*
required when the ILRT was performed.

The ILRT was performed via procedure 8.7.1.4.2 (Rev. 8), "Primary Containment
Integrated Leak Rate Test", to meet Technica)l Specification 4.7.A.2.a/10 CFR Part 50
Appendix "J". Appendix "J" type 'A' test requirements include preoperational lcakage
rate tests. These tests are required to be perfcrmed three times during each 10 year
service period, or at each refueling or approximately 18 months if two consecutive
period{: type 'A' tests fail to meet leakage rate test criteria. For Pilgrim Station,
the second 10 year service period began in 1982 (June 1982). Beginning in 1982,
ILRT/type 'A’ tests have been performed during RFO § (February 1982 at 23 psig). RFO 6
(December 1984 at 23 psig), RFO 7 (December 1987 at 45 psig)., and RFO 8 (July/August
1991 at 45 psig).

Although the loose Drywell head bolts were discovered and corrected as a result of the
ILRT, the loose Orywel!l hzad bolts could have affected the ability of the PCS to
control the release of ravicactive material if an ILRT had not been performed and a
dcsign‘ba:1s loss of cootant accident (LOCA) had occurred during subsequent power
operaticn,

The most severe nuclear system e'fects and the greatest release of radipactive materia)
to primary containment results from a complete circumferential hreak of one of the
recircuiation loop pipelines. This accident is described in the Final Safety Analysis
Report (+SAR) section 14.5.3 and was established as the design basis LOCA, The
radioiogical consequences of a design basis LOCA are assessed in FSAR section 14.5.3.2
and are part of the bases for Techniral 3Specification 3.7.A/4.7.A fur primary
containment testing. The design basis LOCA was evaluated at the primary containment
maximum allowable accident leak rate of .25 percent per cay at 45 psig. Thus, the
calculated doses are the maximum that would be expec.2d in the uniikely event of a
design basis LOCA. The doses include an assumption ot no holdup in the Reactor
Building/<econdary containment, and results in a direct release of fisslon products
from primary containment throujh the Standby Gas Treatment System (SGVS) “ilters and
Main Stack to the environment. The offsite doses resulting from the design basis LOCA
including primary conteinment conditions at 45 psig with a 1.25 percent per day leak
rute, no holdup, fission product release fractions stated in TID 14844, 95 percent SGTS
rilter efficiency, and Main Stack release would be less than the limits of 10 Cka 100.
Therefore, if an ILKT Had not been per’ormed and the loose Drywe!l head bolts had not
been discovered anu a design basis LOCA had occurred during subsequent power operation
and the Dryvw2ll leakage rate was the same as the ILRT value on July 27, 1991, then the
resulting offsite dose would have been less than 10 CFR 100 limits.

This report is suomitted ’n accordance with 10 CFR 50.73(2)(2)(v)(L) because the loose
Drywel]l head bolts could have affected the ability of the PCS to control the release of
radioactive material *f an ILRT had not been performed and a design basis LOTA had
occurred during subsequent operation.
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