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EXECUTIVE SUMMARY

4 Indian-Point 2 Nuclear Power Plant
NRC Inspection Report No. 50-247/98-16

A special inspection was performed regarding the September 13, 1998, failure of a High
Efficiency Particulate Air (HEPA) filter in the 25 containment fan cooler unit (FCU) and the
subsequent identification of HEPA filter deterioration in the 22 FCU on September 16,
1998. Due to a potential common mode failure of the FCUs from this filter deterioration,
Con Ed appropriately decided to declare the 21-24 FCUs inoperable and conduct a forced
plant shutdown. This inspection focused on the root cause of the HEPA filter failures,
Con Ed’s opportunities to previously identify the deterioration of these filters, the
corrective actions taken or planned as well as the basis for declaring the 21, 23 and 24
FCUs operable without replacing existing HEPA filters, and future plans for establishing a
service life for HEPA filters to ensure they can perform their design functlon under accident
conditions.

Operations

n Con Edison appropriately declared the 25 FCU inoperable and conducted an

inspection of the internals of the FCU following receipt of a low flow alarm on
September 13, 1998. The failure of a High Efficieney Particulate Air (HEPA) filter in
the 25 containment fan cooler unit (FCU), combined with the identification of ’

N - additional HEPA filter deterioration, prompted a change out of all the filters in that

. 'FCU and external checks of the other FCUs for indication of excessive differential

pressure across the HEPA filter banks. Following the restoration of the- 25 FCU on
“September 16, 1998, Con Edison promptly began inspections of the other four
FCUs beginning with the 22 FCU. Inspection of the 22 FCU identified deterioration
of the filters in that FCU, promptlng Con Ed to declare this FCU inoperable. Due to
a potential common mode failure of the remaining FCUs from this filter deterioration,
Con Ed appropriately declared the 21-24 FCUs inoperable and proceed with an
orderly plant shutdown. (01.1) -

Engineering )
[ ] Overall, Con Edison’s preliminary HEPA failure root cause analysis was generally
thorough and comprehensive, noting some inherent weaknesses in the FCU design . -
(such as location of the HEPA filters in the normal flow stream) and poor PM
~practices such as lapses in the installation of roughing filters and the failure to
- check demister drains. However, the preliminary analysis lacked an important
. .. ._.. discussion on the poor airflow distribution through the filter bank, which tends to
- concentrate air flow through the lower center filters, the ones most likely to be wet,
subjecting them to more rapid dust loading and wear as well as slightly higher
differential pressures. The failure to_have procedures or instructions to ensure the
proper functioning of the drains for the safety-related demisters and the installation
of roughing filters during outage work were treated as an NRC Violation. VIO (50-
247/98-016-01) While both of these maintenance items are now known to be




Executive Summary (cont’d) : - - -

contributors to the deterioration of the HEPA filters in the 22 and 25 FCUs, neither
Con Ed nor the NRC concluded that the correction of these maintenance items alone
would have prevented the deterioration of these filters based on root cause analysis
and filter testing results from Con Ed and Altran and related research recently
sponsored by the*US Department of Energy. In addition, the-Altran root cause
analysis was considered thorough and comprehensive, identifying previously
unknown limitations on the service life of the HEPA filters. (E2.1) ’

Overall, the FCU operability determination was comprehensive and reasonably well -
supported, but qualitative in nature due to a lack of available data on FCU run times
and test results on complete, in-service filter units. The lack of such testing,
coupled with the lack of accurate data on FCU run times, limited Con Edison’s

‘ability to accurately estimate the strength of HEPAs which had considerable in-

service time. (E2.2)

Con Ed had limited access to information which could have identified the
deterioration of the HEPA filters as evidenced by the lack of HEPA filter failures in
the nuclear industry or at Indian Point 2 and the absence of vendor information on
filter service life. Surveillance testing on the HEPA filters met TS requirements.’
However, preventive maintenance deficiencies were noted in the installation of
roughing filters on the 22 and 25 FCUs during the last outage and the absence of a

—. _check of the demister drains in all of the FCUs, several of which were found
" partially or completely clogged with rust and debris. (E2.3)

Con Edison’s_short-term corrective actions for the HEPA filter failures appear
comprehensive. The interim filter inspection plan was thorough and incorporated a
conservative test frequency. However, that interim test (PI-V21) and the FCU
surveillance test (PT-R10), performed on a refueling outage interval, imply thata
close visual inspection is performed on all HEPA filters when, in fact, the inspection
is performed from the floor level. The inspection guidance needs to reflect that the

filter inspections are performed from floor level or require the use of a tall ladder to

allow for close examination of filters at-the top of the 16 foot HEPA bank. PT-R10
also needs to reflect the more detailed inspection crlterla listed in the interim
surveillance procedure PI-V21. (E2.4)

The risk significance of the loss of the 22 and 25 FCUs following a loss of coolant
accident was found to be low, according to a risk assessment performed by the
Region | SRAs.- The loss of three or.more FCUs following a loss of coolant accident
posed more risk significance as the FCUs serve a secondary role in mitigating
containment failure and radioactive release from containment following a core
damage event. However, there is no indication that the HEPA filters in the 21, 23
or 24 FCUs had deteriorated such that they would have failed in an accident and
thus rendered these FCUs inoperable. (E2.5)

Con Edison has a comprehensive list of long-term corrective actions planned to
prevent the deterioration of the HEPA filters in the FCUs, but key corrective actions
remain to be finalized. Most particularly, new criteria need to be established as to

———




Executive Summary (cont’d)

when HEPA filters will be replaced since the existing criteria, embodied in
surveillance testing performed just three months before this failure, did not prevent
the failure of a HEPA filter in the 25 FCU at a differential pressure only about one-
third that which the filter could experience in a design basis accident. In addition, -
the interim inspections performed to date have noted that water accumulates in the
FCUs due to drain slope problems, but many of the repairs necessary to correct this
problem will await an extended outage to complete.

Con Edison’s longer term corrective action plans are contingent upon whether the
NRC approves a pending Technical Specification amendment that would delete the

. requirement for these HEPA filters. In the near term, Con Edison is committed to
replacing the three lower rows of filters in the 21 and 24 FCU which have
substantial in-service time, were wetted in the past and are currently being
subjected to moisture which has been shown to have the potential to significantly
weaken the filter media. (E2.6)

i/
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Report Details B L

Indian Point 2 returned to power operation on September 6, 1998, after an extended
forced outage which began in mid-October 1997. On September 16, 1998, Consolidated
Edison initiated a plant shutdown due to a potential common mode failure mechanism of
the containment fan cooler units (FCUs) from degradation of the High Efficiency Particulate
Air (HEPA) units. The-plant was subsequently restarted on September 21, 1998.
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I. OPERATIONS

Condiict of Operations

Plant Shutdown Cn September 16, 1998, Due to a Potential Common Cause
Failure of the Containment Fan Cooler Unit ngh Efficiency Particulate Air (HEPA)

Fllters

Inspection Scope (93901)

A review was performed of Con Edison’s response to the failure of a HEPA filter in

the 25 FCU and the identification that the 22 FCU also had degraded HEPA fllters,
 prompting a plant shutdown on September 16, 1998. R

Observatlons and Findings

"On September 13, 1998, the control room received a low flow alarm on the

25 containment fan cooler unit (FCU). Operators secured the FCU fan, declared the
25 FCU inop__er-able and entered a 7 day LCO per TS 3.3.B.2.A. Engineering and
Test and Performance personnel inspected the 25 FCU internals and found that one
of the bottom row HEPA-filters had failed, leaving elements of the filter media
clogging the FCU fan intake screen. Five other filters in the.immediate vicinity. of
the failed filter were also badly damaged, apparently by the violent toroidal air
current created after the filter failed. The bottom row of filters also showed signs
of being water soaked. The source of the water on the HEPA filters was
determined to be carryover from the condensate trays on the cooling coils and
demisters as well as from the floor of the FCU which was not properly sloped,
allowing a buildup of water in the FCU. -

The HEPA filters in the 25 FCU.were manufactured by the Flan-dersv Filter
Corporation. The HEPA that failed was the Series Model 8 filter for nuclear

applications. The Series 8 filter consists of a 2 foot by 2 foot stainless steel frame

housing a convoluted filter media made of glass fibers held together by an acrylic
latex binder and coated with a silicone waterproofing agent. The filter media is
secured to all four sides of the filter housing by a urethane coating and does not
have any internal supports. Due to the design of.the Indian Point 2 fan cooler units
(Attachment A), the HEPA filters are in the normal air stream of the FCU and thus
see_continuous service. Since the function of the HEPA filters is to remove .
particulate materials which would be in the containment atmosphere foIIownng an
accident and which would interfere with the adsorption of radioiodines on the
surface of the downstream charcoal filters, many other FCU designs have the HEPA
filters in a flow stream which is only in-service during testing or an accident
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scenario. The filters in the 25 FCU were installed in 1991; since this FCU is almost
always in service because the suction source for the containment radiation monitors
is located in front of this FCU, these filters had seen about 7 years of continuous
service. :

Following the replacement of the HEPA filters and tests to confirm proper water
drainage, the 25 FCU was returned to service. While the 25 FCU was out of
service, external checks on the other four FCUs were conducted to ensure that the
HEPA filter banks weré not experiencing excessive differential pressure; no internal
inspections were possible until the 25 FCU was returned to service as entry into an
FCU made the cooling and filtration functions of the FCU inoperable. To confirm

" the extent of condition of the filter problem, Con Edison subsequently began internal
inspections of the other four (4) FCUs, starting with the 22 FCU since that FCU also
had a number of Series 8 HEPA filters which had been installed since 1991 and had
the highest differential pressure across its HEPA bank (1.88 inches, with the FCU
vendor criteria for filter replacement being 2.0 inches). - In addition, the other
suction source for the containment radiation monitoring system is in front of this
FCU, so the filters installed in this FCU had roughly the same inservice time as
those in the 25 FCU. Inspection of that FCU found deterioration of the Series 8
HEPA filters, specifically the pulling away of the urethane seal from the filter frame
and an “hour glassing” of the filter medium as well as some signs of filter damage

~ during installation. (Note: The bottom three rows of the eight row HEPA filter bank
were replaced in 1995 with Series F filters due to visual indications of dirt loading.)
At that point, Con Edson declared the 21- 24 FCUs inoperable after concluding that
this problem was a potential common mode failure mechanism. In accordance with
Technical Specification 3.0.1, a plant shutdown was conducted.

- Following replacement of all of the HEPA filters in the 22 FCU with Flanders Series
F or W HEPA filters, maintenance efforts to clear and/or confirm drainage from
the 21-24 FCUs and inspection of the HEPA filters in the 21, 23 & 24 FCUs,

Con Edison completed an operability evaluation which indicated that all of the FCUs
were considered operable based on the inspections and repairs conducted, and
restarted the plant on September 21, 1998.

Conclusions

Con Edison appropriately declared the 25 FCU inoperable and conducted an
inspection of the internals of the FCU following receipt of a low flow-alarm on
September 13, 1998. The failure of a High Efficiency Particulate Air (HEPA) filter in
the 25 containment fan cooler unit (FCU), cortibined with the identification of

~ additional HEPA filter deterioration, prompted a change out of all the filters in-that—
FCU and external checks of the other FCUs-for indication of excessive differential
pressure across the HEPA filter banks. Following the restoration of the 25 FCU on
September 16, 1998, Con Edison promptly began inspections of the other four
FCUs beginning with the 22 FCU. Inspection of the 22 FCU identified deterioration -
of the filters in that FCU, prompting Con Ed to declare this FCU inoperable. Due to
a potential common mode failure of the remaining FCUs from this filter deterioration,
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- - preliminary Con Ed root cause analysis was-generally thorough and comprehensive,

3
Con Ed appropriately declared the 51-24 FCUs inoperable and proceedbwith an .

orderly plant shutdown. o |

lll. ENGINEERING

Engineering Support of Facilities and Equipinent . ] :

The inspectors reviewed the root cause analyses performed by Con Edison and their

- contractor, Altran, of the HEPA filter failures, Con Edison’s opportunities, if any, to

previously identify the deterioration of these filters, the corrective actions taken or
planned for these filter failures, the basis for the operability determination declaring
the 21, 23 and 24 FCUs operable without replacing the existing HEPA filters, the

‘risk significance of these HEPA filter failures and Con Ed’s future plans for

establishing a service life for the HEPA filters to ensure they can perform their
design function.

Con Edison/Altran Root Cause Evaluations

Inspection Scope {93903) o . -

The inspectors reviewed Con Edison’s preliminary root cause evaluation of the
HEPA filter failure and a supporting technical evaluation performed by a Con Ed
contractor, Altran, which focused solely on the root cause of the deterioration of
the HEPA filter media. ' '

Observations and Findings

Con Edison’s preliminary root cause evaluation, performed in accordance with SAO-
112, identified four root causes for the failure of the HEPA filter in the 25 FCU and
the degradation noted in the 22 FCU: 1) The Flanders “Series 8" filters, instalied in
the 22 and 25 FCU, had reached the end of their useful life, 2) excess water in the
filter increased loading and distortion of the filter in the 25 FCU (This factor,
compounded by the prolonged service life, contributed to the failure.), 3) the design
of the Flanders “Series 8" HEPA filter was a contributing factor to the failure, and 4)
the existing method for determining when HEPA filters should be replaced fi.e.

HEPA filter bank differential pressure) was inadequate. These root causes were
embodied in LER 98-15 issued on this event on October 15, 1998. Overall, the

noting some inherent weaknesses in the FCU design (such as location of the HEPA
filters in the normal flow stream and improper sloping of the FCU floor away from

" the drain inlet) and poor preventive maintenance (PM) practices (such as lapses in

the installation of roughing filters on the 22 and 25 FCUs and the failure to check
demister drains, particularly after dust-generating work both inside and outside the
FCU). Both of these PM deficiencies were placed in Con Ed’s corrective-action
system and have been or will be corrected on a reasonable time schedule. The
inspectors noted that the failure to ensure the proper functioning of the demister
drains contributed to the accumulation of water inside the FCUs and permitted some
water carryover to the HEPA filters from the demisters. The failure to have
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procedures or instructions to ensure the proper functioning of the drains for the
safety-related demisters and the installation of roughing filters in the FCUs, a
component described in the UFSAR, is considered a violation of 10 CFR 50,
Appendix B, Criterion V. VIO (50- 247/98-016-01) However, while the absence of
these roughing filters was a contributor to the failure of the HEPA filter in the 25
FCU, it appeared to be a minor contributor to the failure as the lapses in filter
installation occurred over a very small percentage of the service life of the HEPA
filters.

The only area in which Con Edison’s preliminary root cause analysis appeared -
deficient was in a discussion of the poor airflow distribution through the HEPA filter
bank, which tends to concentrate air flow through the lower three or four rows of
filters, the ones that are also most likely to be wet, subjecting them to more rapid’
dust loading and wear as well as slightly higher differential pressures. Inspector -
discussions with a Flanders representative who inspected the filters in the 22 and

25 FCUs following the plant shutdown cited the poor airflow distribution as one of
the reasoris why he thought the HEPA filter failed in the 25 FCU. The absence of
distribution testing of the HEPA filter bank to determine the air flow distribution was
discussed at length with System Engineering. No NRC requirement mandates this

_ testing at Indian Point 2 and the design of the HEPA filter bank makes changes to
“the airflow distribution in these FCUs impossible without substantial design
modifications or permits testing of individual HEPA filters. However, the inspectors
noted to Con Edison management that the poor inherent air flow distribution
accelerates the dust loading (and thus wear) on the filter media in the lower rows
of filters. Thus the inspectors emphasized the importance of understanding and
. incorporating the air flow distribution in the FCUs in analyses performed by

- Con Edison to establish an accurate service life for the HEPA filters.

The technical report prepared for Con Edison by the Altran Corporation indicated
that the root cause of the filter failure was most probably a combination of factors
including: 1) service conditions that challenged the performance of the aged and
degraded filter, specifically the presence of moisture in the air stream and= -~ —
condensation on and around the filter media and 2) the filter service life was based
solely on differential pressure measurements and media performance tests, which
provide no indication of physical degradation of the filters (e.g. loss of silicone
water proofing agent from the filter media) and which are insensitive to differential
pressures across individual filters. The Altran report also provided the only
quantitative estimates of the strength of the HEPA filter media that failed in the 25
FCU to that of a new filter and used filters from the 217and 22 FCUs. That
quantitative data, which was usable only for comparison purposes with other filter
material, indicated that the wet filter material from the failed filter in the 25 FCU
had lost virtually-all of its structural strength. Strength losses for used filters from
the 21 and 22 FCUs which were wet were on the order of 20% as compared to
‘new fllter matenal when wetted.

Due to the absence of other test data or experience with the degradation of HEPA
filter material in the commercial nuclear-industry, the inspectors consulted with the
NRR technical reviewers most knowledgeable of this issue and were provided with
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recent HEPA testing information from Department of Energy sponsored research.
This testing involved filter media from a variety of HEPA filter manufacturers. This
research also indicated significénjc losses in HEPA filter media tensile strength
following the wetting of filters, losses which were not recovered fully after drying.
Further water exposures resulted in additional losses in filter media tensile strength.

Conclusions

Overall, Con Edison’s preliminary HEPA failure root cause analysis was generally

thorough and comprehensive, noting some inherent weaknesses in the FCU design
(such as location of the HEPA filters in the normal flow stream) and poor PM

“practices such as lapses in the installation of roughing filters and the failure to

check demister drains. However, the preliminary analysis lacked an important
discussion on the poor airflow distribution through the filter bank, which tends to
concentrate air flow through the lower center filters, the ones most likely to be wet,
subjecting them to more rapid dust loading and wear as well as slightly higher
differential pressures. The failure to have procedures or instructions to ensure the
proper functioning of the drains for the safety-related demisters and the installation
of roughing filters during outage work were treated as an NRC violation. VIO (50-
247/98-016-01) While both of these maintenance items are now known to be
contributors to the deterioration of the HEPA filters in the 22 and 25 FCUs, neither
Con Ed nor the NRC concluded that the correction of these maintenance items alone

 would have prevented the deterioration of these filters based on root cause analysis

and filter testing results from Con Ed and Altran and related research recently
sponsored by the US Department of Energy. In addition, the Altran root cause
analysis was considered thorough and comprehensive, identifying previously
unknown limitations on the service life of the HEPA filters.

\
Con Edison’s Fan Cooler Unit Operability Evaluation

Inspection Scope (93903)

The inspéctors reviewed Con Edison’s FCU operability evaluation, Revision 1,
approved on September 25, 1998, which documented the basis for declaring the
21, 23 and 24 FCUs operable without replacing the HEPA filters-in those units.

Observations _and Findingé‘r '

Con Edison’s FCU operability evaluation appeared comprehensive and reasonably
well supported, detailing the specific measures taken to inspect and/or replace the
HEPA filters, ensure proper drainage from the FCUs, and evaluate the strength-ef —
the HEPA filters which remain in the FCUs. -However, the operability determination
was qualitative in nature-due to a lack of test results on full filter units and the
unavailability of data on FCU run times. No tests on a complete FCU filter have
been performed by Con Edison due to the inability to find a vendor to perform such
testing on used (and thus radioactively contaminated) HEPA filters. The only test
data available was from Altran’s testing of filter media for burst strength. This data
was useful to engineering to compare the strength of inservice filter media to that
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of new media and supported their conclusion that reasonable assurance existed in
the operability of the HEPA filters in the 21, 23 and 24 FCUs. However, the lack of
full filter testing, coupled with the lack of accurate data on FCU run times, limited
Con Edison’s ability to accurately estimate the strength of HEPAs which have seen
considerable in-service time.

Since the operability determination relied heavily on the assertion that the HEPA
filters in the 22 and 25 FCUs had seen much more service time than the 21, 23
and 24 FCUs, the inspectors attempted to review supporting data which confirmed
this assertion. However, the only data regarding the run times of the FCUs was
from the recent forced outage; the rest of the run time information was obtained via
interview. The inspectors noted that the run times on the 22 and 25 FCUs were
about 50% higher during the 11 month shutdown, but gaps-existed in that data and
no other data was collected prior to October 1997 Based on discussions held with
an SWS regarding FCU use during power operations, the inspectors estimated that
the 22 and 25 FCUs were used only about 20% more overall than the 21, 23 or 24
FCUs. Thus while the HEPA filters in the 22 and 25 FCUs were installed in 1991
(versus 1993 or 1995 for the other FCUs), the filters in these two FCUs saw no
more than double the total service usage of the filters in the 21, 23 & 24 FCUs.

Conclusions

Overall, the FCU operability determination was comprehensive and reasonably well
supported, but qualitative in nature due to a lack of available data on FCU run times
and test results on complete, in-service filter units. The lack of such testing,
coupled with the lack of accurate data on FCU run times, limited Con Edison’s
ability to accurately estlmate the strength of HEPAs which had considerable in- -
service time.

Review of FCU and HEPA Filter Maintenance and Operating History at indian Point 2
and in the Nuclear Industry for Prior Opportunities to Identify Fiiter Deterioration

Inspection Scope (93903) : ' ( R |

The lnspectors reviewed the a operatlng, maintenance and testmg hlstory of the FCU
HEPA filters at Indian Point 2 since 1990. Information was also gathered of

- experience within the nuclear industry with HEPA filter failures by performlng an..

Licensee Event Report (LER) search covering the period from 1990-1997 and -
discussions with cognizant personnel including the IP-2 FCU system engineer, HEPA
filter vendor representatives, and specialists within the NRC. The purpose of this
effort was to determine whether Con Edison had prior opportunities to identify FCU
HEPA filter deterloratlon o

- Observations 'ahd"Fihdings

A search performed on licensee event report (LER) issued since 1990 found no
examples that could be used to predict a similar type of HEPA filter failure. ) T
Interviews W|th the HEPA filter vendor .representative and NRC specialists indicated
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‘ . ' that other than damage due to improper filter installation or the presence of a

foreign object, no significant HEPA filter deterioration had been observed in typical
ventilation systems employing such filters. :

Interviews with the FCU system engineer and a maintenance supervisor indicated
that significant visual deterioration of the FCU HEPA filters had not been observed.
Maintenance records indicated that-FCU HEPA filters were changed out when there
was significant dust loading or when differential pressure across the entire HEPA
bank approached the replacement criteria of 2 inches. The only maintenance
deficiencies noted were lapses in the installation of roughing filters on the 22 and

- 25 FCUs during the last outage and the absence of a check of the demister drains in
all of the FCUs, several of which were found partially or completely clogged with
rust and debris. While increased dust loading and filter wetting now are known to
contribute to HEPA filter deterioration, neither Con Edison nor the NRC concluded -
that the correction of these deficiencies would have prevented the deterioration of
the HEPA filters.

The system engineer acknowledged the following operational weaknesses with the
FCUs at IP-2: _ -
. The FCU was not designed in such a way that ensured uniform airflow
distribution across individual HEPA filters;

. A The FCU design, construction, and maintenance practices resulted in
increased water exposure to the HEPAs located near floor level;-

e  HEPA filter inspection criteria, while consistent with visual inspecfion criterié -
in ANSI| Standard N510-1975, only required filter replacement or
maintenance if gross indications were identified; and

. . Although the Flanders Series 8 filters were tested in accordance with the
applicable Military Standard (MIL-F-51068F), it was not the ideal filter design
to withstand the operational conditions to which it was subjected.

However, he pointed out that in spite of these operational weakness, the FCU
HEPAs, as well as'HEPA filters in other IP-2 air handling systems, have been
successfully operated for many years without a similar type of filter failure.

- Furthermore, the failure of the HEPA filter in the 25 FCU was classified as a

functional failure under the terms of the Maintenance Rule.

Previous sufveillance testing of the HEPA filters occurred duri_ng the 1997 refueling
outage, which were repeated early in the Summer of ,>998 due to the long forced
outage. This surveillance test (PT-R10) contained inspections and acceptance
criteria consistent with the ANSI standards, with a criterion for filter replacement
more restrictive than prescribed by the original FCU manufacturer vendor (i.e. 1.5
versus 2.0 inches). All FCUs passed those surveillance tests.

. A . =
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Overall, no problems were identified with initial testing or qualification of the HEPA
filters that were installed-in the 22 or 25 FCUs. However, the HEPA filters used in

_the other FCUs appeared inherently stronger by design due to the incorporation of

internal stiffeners or corrugated separators to support the filter media. In addition,
HEPA filters designs used earlier in the life of the plant also incorporated corrugated
separators, possibly explaining the absence of prior HEPA failures at Indian Point 2.

Conclusions

Con Ed had limited access to information which could have identified the
deterioration of the HEPA filters as evidenced by the lack of HEPA fiiter failures in
the nuclear industry or at Indian Point 2 and.the absence of vendor information on
filter service life. Surveillance testing on the HEPA filters met TS requirements.
However, preventive maintenance deficiencies were noted in the installation of
roughing filters on the 22 and 25 FCUs during the last outage and the absence of a
check of the demister drains in all of the FCUs, several of which were found
partially or completely clogged with rust and debris.

Short-Term Corrective Act|ons Taken by Con Edison for the HEPA Filter
Deterioration e 2

Inspection Scdge {93903)

The inspectors reviewed the short-term corrective actions taken by Con Edison for

* “the HEPA filter failure and deterioration at Indian Point 2.

Observations and Findings

Following the filter failure on the 25 FCU, Con Edison initiated actions to check the
other four FCUs for indications of low flow indicative of a HEPA filter failure as weII
as abnormal differential pressure readings across_their HEPA filter banks.

-lnspectlons of the internals of each of these four FCUs were scheduled to be

conducted individually once the 25 FCU was returned to service. Con Edison then
proceeded to check the drainage from the 25 FCU, replace all of the filters in-that
bank (all were Flanders Series 8 filters installed in 1991) with new Flanders Series F ..
or W filters, and retest the filters in accordance with TS requirements.

Following the identification of HEPA filter degradation in the 22 FCU, Con Edison
proceeded to correct the drainage from the FCU, replace all of the filters in that
bank (of which the top five rows were Flanders Series 8 filters installed in 1991)
with Flanders Series F or W filters, and retest the filters in accordance with TS
requirements. For the remaining FCUs, the HEPA filters were inspected for any signs

of deterioration and drainage from the FCU was corrected. . The results of those

inspections are tabulated in Attachment B of this report. In addition, Flanders
representatives visited the site and inspected the internals of the 22 and 25 FCUs.
Based on their input, an interim inspection plan was developed which established
additional inspection criteria to determine the condition of the HEPA filters beyond




. bank differential pressure <2.0 inches), it can not verify filter operability under

-..comprehensive. The interim filter inspection plan was thorough and incorporated. a

9

that which currently exists in existing refueling outage interval inspection of the

HEPA filters, PT-R10. These criteria included the presence of water on the HEPA
filters to the point of deformation of the media, proper seating of the filters and the
demisters, indications of rips or tears in the filter media (typically caused during
installation or by a loose filter screen) and evidence of degradation of the urethane
seal between the filter media and the stainless steel filter housing.

The interim inspection criteria developed by Con Edison were incorporated into
surveillance test PI-V21, Revision O, and first performed on September 28, 1998,

on all five FCUs. This interim inspection procedure is scheduled to be performed on -

a frequent interval initially (i.e. biweekly), but the interval will gradually be extended
until the test is performed on a quarterly interval (or longer) contingent upon
satisfactory completion of the test. The inspectors accompanied the responsible
Con Edison system engineer and a contract HVAC engineer during the conduct of
this inspection. While the inspection procedure was performed per procedural
requirements, the inspectors noted that the engineer performing the inspection
could not closely examine the entire bank of HEPA filters since it was over 16 feet
high and he was not provided with a ladder. This inspection limitation was not
incorporated into this procedure, although it was learned that HEPA filter checks
during the refueling outage inspection test, PT-R10, were done from a ladder, albeit
one which did not permit the close inspection of the top two rows of the filter bank.

While the ‘acceptance criteria for the test were met for all five FCUs, the inspectors
noted that a number of unsatisfactory conditions were noted inside each of the
FCUs, virtually all of which involved water accumulation inside the FCUs due to
drain slope problems and small amounts of water condensation or carryover onto-
the HEPA filters. Many of these unsatisfactory conditions will require modifications
during an outage to correct. In addition, while this interim inspection can identify
precursors to imminent filter failure under normal operating conditions (i.e.. filter

much more demandlng post-accident conditions (i.e. filter bank dlfferentlal pressure
up to 4.7 inches).

Conclusions

e e

Con Edison’s short-term corrective actions for the HEPA filter failures appear

conservative test frequency.. However, that interim test (PI-V21) and the FCU
surveillance test (PT-R10), performed on a refueling outage interval, imply that a
close visual inspection is performed on all HEPA filters when, in fact, the inspection
is performed from the floor level. The inspection guidance needs to reflect that the

filter inspections are performed from floor level or require the use of a tall ladder to
- allow for close examination of filters at the top of the 16 foot HEPA bank. PT-R10 ,
" - also needs to reflect the more detailed inspection criteria listed in the interim '

surveillance procedure PI-V21.
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Results of a Review of the Risk Significance of the Failure of the4 FCU HEPA Filters
Performed by the Region | Senior Reactor Analysts

inspection Scope (93903)

A review of the risk significance of the ‘failuré of the FCU HEPA filters in the 22 and -
25 FCUs, as well as the remaining three FCUs, was performed by the Region | )

‘Senior Reactor Analysts (SRAs).

Observations and Findings

The FCUs are modeled in both the level 1 (core damage) and level 2 (containment
failure) Probabilistic Risk Assessments (PRAs). The FCUs are one of two principal
means (the RHR system is the other) of removing decay heat from the containment;
the steam generators in reflux cooling are a third possible means available only in
certain accident scenarios. The level 1 PRA failure mode is that the loss of decay
heat removal from containment will result in containment failure by over-
pressurization, loss of water being used to cool the core thru the containment
failure, and ultimately the loss of the ability to maintain long term core cooling.

Con Edison’s PRA makes the assumption that 3 or more FCUs are required for
success of the FCU containment heat removal function. This assumption may be
conservative if best estimate assumptions are considered (e.g. less than 3 FCUs
might be satisfactory when service water temperature is well below its design limit).

The NRC PRA models do not have basic events for the FCUs and therefore the

analysis code available to the SRAs could not be used for this analysis. The SRAs s
contacted the Con Edison PRA engineers to collect the information necessary for

this analysis. They provided the Risk Achievement Worth (RAW) values for several

assumptions for FCU failures. (Note: It was assumed that the failure of the HEPA

filter(s) would completely block airflow through the FCU, making its cooling function

inoperable. While complete blockage of forced air flow through the FCU is not an

.. -overly conservative assumption given the impact noted by the failure of just one
. HEPA filter in the 25 FCU, a small amount of forced circulation, as well as natural

circulation cooling, would likely still continue from the FCU.) The RAW is the ratio
of the core damage frequency (CDF) given a specific component(s) failure divided
by the nqmi_nél CDF, which for IP2 is 3.13E-5/yr. Con Edison provided the RAW
values for 1, 2, 3 or more FCUs out-of-service. The conditional core damage
probabilities (CCDP) were calculated assuming that this condition existed for 1 year
and are listed below: ’ ' o




_their HEPA filters following a loss of coolant accident was not found to be risk

~ manipulated so direct quantitative assessment of the FCU failures on containment
~ failure could not be assessed. Thus a qualitative assessment was performed based

- Conclusions

11

The above results show that the loss of the 22 and 25 FCUs due to the faildre of

significant in accordance with the EPRI Probabilistic Safety Assessment (PSA)
Application Guide. It should be noted that Maintenance Rule programs generally
consider risk significant systems as those with RAWSs greater than 2. Therefore,
even the failure of three or more FCUs would not be considered risk significant by
the Maintenance Rule (10 CFR 50.65) based on these RAW values alone.

The level 2 PRA models the FCUs for containment heat removal following an event.
Approximately 12% of core damage events will result in containment failures with
significant releases (Type | & ll). Con Edison’s level 2 PRA model was not easily

information in the IP-2 Individual Plant Evaluation (IPE)

The RHR heat exchangers are the primary means of removing decay heat from the
core. If this heat removal method fails (e.g. due to a loss of CCW), the FCUs can
remove decay heat and prevent containment failure. The IPE breaks the radioactive
release into five categories based on the amount of radioactive fission products f(i.e. .
iodine and cesium) released. Type | & Il are considered-significant radioactive
releases. The Type | release sequences are dominated by steam generator tube
ruptures {(SGTRs) with the failure of a secondary safety valve to isolate. The
condition of the FCUs would serve very little function in mitigating these type of
events. A significant Type Il release contributor is a small or medium-break LOCA
with loss of all ECCS and failure of containment heat removal due to system related
failures or adverse environmental conditions in containment. This would be an
event were environment conditions in the containment could have failed the HEPA
filters in the FCUs. The frequency of these type of events is approximately 1.8 E- 6
which represents a significant fraction of the Type | & Il releases. - .

The risk significance of the loss of the 22 and 25 FCUs following a loss of coolant
accident was found to be low, according to a risk assessment pérformed by the
Region | SRAs. The loss of three or more FCUs following a loss of coolant accident
posed more risk significance as the FCUs serve a secondary role in mitigating
containment failure and radioactive release-from containment following a core
damage event. However, there is no indication that.the HEPA filters in the

remaining three FCUs (21, 23 and 24) had deteriorated. such that they would have
failed in an accident and thus rendered these FCUs inoperable.
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Future Corrective Actions Planned by Con Edison / Efforts to Accurately Determine
HEPA Filter Service Life or Permanently: Remove the _Filters from Service

Inspection Scope (93903)

.

The inspectors reviewed future corrective actions planned b§1 ConEdison for the
HEPA filters and the containment FCUs._

Observations - and Findings

. -

Con Edison currently has several long-term corrective actions planned to prevent the
deterioration of the FCU HEPA filters. Specifically, to correct the accumulation of
water inside the FCUs, Con Edison plans to reslope the FCU floors and condensate

‘trays so that they run downhill to the drains. Due to the nature of these

modifications, most will not be made until the next refueling outage, scheduled to
begin in the Spring of the Year 2000. In addition, existing test procedures will be
revised and new criteria for the replacement schedule for HEPA filters will be
developed to reflect the lessons learned from this event. These actions are
particularly important since the existing criteria for replacement, embodied in -
surveillance testing performed just three months before the 25 FCU filter failure, did
not prevent the failure of a HEPA filter at a filter bank differential pressure only one-
third that which could be experienced during a design basis accident. Due to

replacement of HEPA filters and the potential generic impact to the nuclear industry

. - Tabsence of specifics on Con Edison’s development of new criteria for the

of this. matter,-this issue will remain an Inspector Followup ltem. (IFI 50-247/98-
016-02) -

e

At the time of this inspection, Con Edison had no near term plans to replace any

of the HEPA filters in the 21, 23 or 24 FCUs. Based on the information reviewed by
the inspectors and observation of the condition of the HEPA filters in all five FCUs,
the inspectors were concerned with condition of the filters in the bottom three
rows of the 21 and 24 FCUs which have between 3 %2 and 5 2 years in service -
and have previously been wetted to some degree. The information available to

Con Edison indicated a loss of strength when aged HEPA filter medium is wetted;
these losses in filter strength are not fully recovered after drying. Moreover,
successivé water exposures result in an additional loss of tensile strength.
Furthermore, discussions with Flanders representatives and a review of their
product literature reflected vendor concerns with the detrimental effects of A
excessive, constant wetting of the HEPA filter medium which can cause plugging
of the filter. Con Edison’s interim inspection results indicate that the HEPA filters
in the lower rows of the 21 and 24 FCUs continue. to be wetted to a limited degree.
Finally, the higher flow rate in the lower half of the HEPA banks causes these filters
to wear and dust load first. These concerns were similar to those expressed by

the FCU system engineer following his inspection of the FCU _internals on

September 28, 1998.

These concerns were presented to Con Edison senior management at the inspection
exit meeting. Following that meeting, Con Edison decided to replace the HEPA
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filters in the bottom three rows of the 21 and 24 FCUs and f.ormally committed to
complete the replacement by December 31, 1998. .

The inspectors noted that Con Edison filed a Technical Specification amendment
request with NRR to permit the deletion of the HEPA and charcoal filters in the
containment FCUs. The analysis supporting this amendment indicates that these
filters are no longer needed post-accident to meet calculated offsite and control
room dose guidelines. This amendment is currently being processed by NRR.
Should this amendment be approved in the near future, implementation of Con
Edison’s long-term corrective actions will no longer be necessary.

Conclusions

Con Edison has a comprehensive list of long-term corrective actions planned to
prevent the deterioration of the HEPA filters in the FCUs, but key corrective actions
remain to be finalized. Most particularly, new criteria need to be established as to
when HEPA filters will be replaced since the existing criteria, embodied in
surveillance testing performed just three months before this failure, did not prevent .
the failure of a HEPA filter in the 25 FCU at a differential pressure only about one-
third that which the filter could experience in a design basis accident. In addition,
the interim inspections performed to date have noted that water accumulates in the
FCUs due to drain slope problems, but many of the repairs necessary to correct this
problem will await an extended outage to complete.

Con Edison’s longer term corrective action plans are contingent upon whether the

NRC approves a pending Technical Specification amendment that would delete the s
requirement for these HEPA fiiters. In the near term, Con Edison is committed to ‘
replacing the three lower rows of filters in the 21 and 24 FCU which have

substantial in-service time, were wetted in the past and are currently being

- subjected to moisture which has been shown to have the potential to significantly

weaken the filter media. o ~ —

V. MANAGEMENT MEETINGS

Exit Meeting Summary

The inspééfigh team presented the inspection results to members of Con Edison
management at an exit meeting heid on October 2, 1998. Con Edison
acknowledged the findings presented. No proprietary information was included in
this inspection report.
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Opened

Attaéhment 1

~ INSPECTION PROCEDURES USED

‘Followup - Operations

‘Followup - Engineering

ITEMS O'PENED,CLOSED, AND UPDATED

of the drains for the safety-related Fan Cooler Unit demisters
and to install roughing filters on the containment FCUs
during o'utage periods as described in the FSAR

IFl 50-247/98-016-02 Review Con Edlson s methodology for developlng new -

. Closed

None

ASME
CFR
FCU
HEPA
LER
RCS
SWS

TS

" UFSAR

VIO 50-247/98-016-01 Failure to establish procedures to A‘ensur'e the proper functioning -

- Reactor Coolant System

cnterla for-replacing HEPA fllters o

LIST OF ACRONYMS USED B o - -

American Society of Mechanical Engineers o ’ |
Code of Federal Regulations - |
Fan Cooler Unit

High Efficiency Particulate Air
Licensee Event Report

Shift Watch Supervisor
Technical Specification
Updated Final Safety Analysis Report
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Drawing of a Typical antainment Fan Cooler Unit
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I o : Drawfhg of a Typical: Containment Fan Cooler Unit
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, ' Attachment B

Containment Fan Cooler Unit HEPA Filter Findings and Corrective Actions

Filters 64 American Air 40 Flanders Series 8 64 Flanders 64 Flanders 64 Flanders Series 8 filters,
| Installed as Filters installed in filters, installed in June Series F Series F installed in July 1991
of April 1993. Filter 1991. 24 Flanders Series | filters, filters,
September incorporates epoxy, | F filters were installed in installed in installed in
13, 1998 coated corrugated | the bottom 3 rows in March 1995 March 1995
aluminum spacer . | April 1995 to replace the '
plates that greatly Series 8 filters there at
strengthen the filter ‘| the time following an
medium. inspection which
indicated they were dirty.
Visual No significant Indications noted on the No significant | No significant' | A bottom center row HEPA
Inspection - | degradation noted. select Series 8 filters - degradation degradation filter failed, resulting in a low
Findings (some minor screen | where the urethane noted ‘ noted flow alarm. Five filters in the
- damage noted due material on the sides of immediate vicinity of the failed
to installation the HEPA filters had filter were damaged by the
damage) pulled away from violent air flow disturbance
' stainless steel filter frame created after the failure. Other
and the filter media had HEPA filters showed evidence
formed an “hour-glass of urethane material pull away
shape”, precursors for and “hour-glassing”, precursors
future filter failure. ; to future filter failure.
Filter Two American Air 64 new Flanders Series F | None = - None 64 new Flanders Series F
Replace- iFilters replaced with | and/or W filters installed. ' and/or W filters installed.
ments [Flanders Series F to : ‘
k ‘permit filter testing.
Water JiDemister drain Demister drain partially Demister drain | Demister drain | Water on demister and cooling
Accumul- - partially clogged - clogged - verified clear by | clogged - verified clear coil outlet trays due to slope
ation/Drain verified clear by WO | WO NP-98-03994 cleared by problem; water also on floor
Condition i | NP-98-03996 WO NP-98- between demisters & HEPAs;
demister drain partially clogged

03995

-’rll: .
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