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On January 28, 1994, at 1730 PST, with Units 1 and 2 in Mode 1 (Power Operation) at
100 percent power, PG8 E determined that certain fire barrier penetration seals did not
meet the required fire rating because damming boards were not installed on the ends of
the seals. Fire watches were verified to be in place as compensatory measures. A
one-hour, non-emergency report was made to the NRC in accordance with 10 CFR
50.72(b)(1)(ii)(B).

Subsequent inspections have identified additional deficiencies in penetration seals and
gaps in fire rated walls.

The design process did not adequately incorporate fire protection requirements (design
input) to assure proper design, construction, inspection, and maintenance of fire barrier
seals and gaps.

Corrective actions include: performing walkdowns; qualifying penetration seals
and'aps;

reviewing design documents and procedures that control penetration seals and

gaps to ensure the requirement for installing and/or restoring seals and gaps is clear;
and clarifying organizational responsibilities.
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Units 1 and 2 have been in various modes and power levels.

II. Descri tion of Problem

A. Summary

On January 28, 1994, at 1730 PST, with Units 1 and 2 in Mode 1 (Power
Operation) at 100 percent power, PGBE determined that certain fire
barrier penetration seals did not meet the required fire rating since
damming boards were not installed on the ends of the seals. Fire
watches were verified to be in place as compensatory measures. A one-
hour, non-emergency report was made to the NRC in accordance with 10
CFR 50.72(b)(1)(ii)(B).

Subsequent inspections have identified additional deficiencies in
penetration seals and gaps in fire rated walls.

Background

The FSAR Update, Appendix 8.3C, "Materials for Fire Stops and Seals,"
notes that PG8 E uses Dow Corning Silicone Foam for penetration
sealing. This room-temperature vulcanizing silicone foam is used as a fire
sealant material in many penetrations in the fire rated walls described in
FSAR Update, Appendix 9.5A, "Fire Hazards Analysis."

Damming is used to facilitate installation and provide an additional fire
barrier to shield the penetration sealant material from direct flame
impingement. The damming material is composed of an alumina silica
ceramic fiber material, typically 1-inch thick, and typically installed within
the barrier on both sides of a wall penetration or on the bottom side of a
floor penetration. Numerous fire tests were conducted by various vendors
to qualify silicone foam for use as a fire sealant material. Each vendor
qualified their seal designs based on specific fire tests representative of
their design configurations.

PG&E considers sealed gaps in fire rated walls to have the same safety
function as sealed penetrations. Penetrations are typically configured to
allow for the passage of piping or conduit through the barrier. Gaps
usually allow for movement, and do not have equipment passing through
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them. However, the safety function of the sealing material for gaps and
penetrations is the same, to maintain the fire rating of the barrier across
the wall.

PG8E Equipment Control Guideline (ECG) 18.7, "Fire Rated Assemblies,"
requires with one or more of the required fire barrier penetrations
nonfunctional, that a continuous fire watch be established on at least one
side of the affected penetration (within one hour), or the operability of the
fire detectors on at least one side of the nonfunctional fire barrier be
verified (within one hour) and an hourly fire watch patrol established.

C. Event Description

On December 3, 1993, a plant problem report was updated to document a
three-hour fire barrier penetration seal that was deficient due to lack of a

damming board. The penetration seal was repaired, and a root cause and
corrective action investigation was initiated.

On January 18, 1994, during a training session presented by a vendor, a
question was asked regarding the acceptability of silicone foam
penetration seals without damming boards. The vendor responded that
they did not have test results to qualify penetration seals that did not have
damming as a three-hour barrier.

PG&E performed a preliminary review of the'available industry
qualification test documentation to evaluate the need for damming. This
review determined that the damming material was required on all

existing'enetration

seal details issued for installation of silicone foam at DCPP.

On January 28, 1994, on the basis of a preliminary engineering
assessment that a percentage of fire barrier seals installed at DCPP may
not meet their required fire rating, PG8 E conservatively made a one-hour,
non-emergency report to the NRC in accordance with 10 CFR 50.72
(b)(1)(ii)(B) at 1730 PST. Because the information regarding the number,
type, site and location of the affected seals was not readily obtainable, all
fire barrier penetrations were considered indeterminate. Hourly roving fire
watches were verified to be in place for all potentially affected areas in
accordance with ECG18.7.
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On August 11, 1994, PG8E revised LER 1-94-001. The report provided
the cause, the analysis of the condition, and the actions to prevent
recurrence. Subsequently, extensive changes were made to the
penetration seal program.

PGB E instituted a penetration seal verification program to address,
10 CFR 50, Appendix R and Branch Technical Position 9.5-1, Appendix A.
To date the program has identified and is dispositioning four, major
categories of conditions over and above the lack of damming boards.

1. Seal not properly installed (did not meet current assigned design
detail). =

2. Inadequate documentation (the required destructive examination to
determine whether existing the configuration met the current

'ssigneddesign detail because the seal could only be accessed on
one side of the barrier and there was inadequate documentation to
determine the adequacy of the existing configuration).

3. Seal degraded or damaged.

4. Seal not installed or breached.

Seal installations, which did not comply with assigned design detail, were
the most frequently identified problem. In these cases, the seal was
reworked. In some cases, the inspector could not determine whether the
seal met the assigned design detail. This required destructive
examination or separate evaluation. These types of deficiencies were
found in each of the approved seal material types (i.e., silicone foam,
silicone elastomer, grout, plaster, boot seals, etc.). Identified deficiencies
were typically caused by physical abuse (e.g., penetrant removal or
replacement, or mechanical action) or inadequate installation per design
(e.g., lack of required permanent damming material, application of
nonapproved damming material, or inadequate seal depth).

In addition to deficiencies in penetration seals; PGB E has identified
deficient gaps in fire rated walls. Further investigation revealed that the
design process had not considered proper sealing requirements for the
gaps. Consequently, design documents were not generated to assure
adequate installation, acceptance criteria, and maintenance for fire barrier
gap sealing material. Gap deficiencies include:
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1. Many gaps in fire rated walls were not readily visible because
construction practices such as plastering covered them. When
examined many gaps contained improper materials, were not
completely filled, or contained no fire rated materials at all. Gaps in
other walls, although visible, also had similar deficiencies.

2. In some cases, design and construction drawings did not show
many of the gaps, or ifshown, specified the incorrect sealing
materials.

D. Inoperable Structures, Components, or Systems that Contributed to the
Event

None.

E. Dates and Approximate Times for Major Occurrences

1. December 3, 1993: Discovery Date: A plant problem
report was updated to document
the deficient three-hour fire
barrier.

2. January 18, 1994: A vendor states that damming
boards are required in order to be
in conformance with their tested
designs. An engineering review
of available fire test data was
initiated.

3. January 28, 1994: Event Date: Engineering
determined that certain fire
barrier penetration seals may not
meet the three-hour fire rating.

4. January 28, 1994, at 1730 PST: A one-hour, non-emergency
report was made to the NRC in
accordance with
10CFR 50.72(b)(1)(ii)(B).

5. August 11, 1994: PG8 E revised
LER 1-94-001.
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F. Other Systems or Secondary Functions Affected

None.

G. Method of Discovery

The lack of fire barrier penetration seal damming was identified and
documented by utilityconstruction personnel during routine repair of an
existing fire penetration seal following field construction activities. The
existence of a potential qualification problem for silicone foam fire barrier
penetration seals was confirmed by a vendor during a training session,
and subsequently verified by utilityengineering personnel. An
Engineering review on January 28, 1994, determined that certain fire
barrier penetration seals may not meet the three-hour fire rating.

Additional penetration seal and barrier gaps deficiencies were identified
during engineering reviews performed as a result of initial problem
identification.

H." Operator Actions

None required.

I. Safety System Responses

None.

III. Cause of the Problem

A. Immediate Cause

Multiple silicone foam fire barrier penetration seals lacked damming
boards.

Subsequent evaluation identified seals not properly installed, inadequate
documentation, seals degraded or damaged, and seals not installed or
breached.
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B. Root Cause

The design process did not assure that initial or subsequent fire protection
requirements (design input) were adequately specified to result in proper

~ design, construction, inspection, and maintenance of fire barrier gaps.

C. Contributory Cause

1. Fire barrier penetration seals were installed by PG8E and by several
different vendors. PG8 E installation/repair procedures, design
document guidance, and inspection guidance were ambiguous with
respect to the need for permanent damming on both sides of the
penetration seal. Some vendor details were also ambiguous with
respect to damming material requirements. Therefore, the possibility
existed that installers and inspectors could assume the damming
boards to be temporary backing material only, rather than a required
part of the penetration seal.

2. It appears that in some cases the vendors may have been directed to
use PG8E installation details rather than their own installation details,
resulting in a failure to install damming boards, and further, the
vendors did not pursue the basis for the discrepancy between the
PG&E specifications and their specifications.

3. Some fire barrier penetrations are worked on by organizations on a
remove/reinstall basis. Because this type of work was thought to be of
limited scope (and therefore, minimal impact on fire endurance

~ capabilities), the work did not use the normal design change process.
It is not clear that these organizations understood the requirement for
reinstallation of fire protection seals to their qualified configuration

'ollowingmodification. Also, such modifications may not be
adequately documented.

4. Several PG8 E organizations shared responsibility for control of
penetration seals, and organizational responsibilities for design,
installation, and inspection were not clearly defined.

IV. Anal sis of the Event

The silicone foam penetration seals have conservatively been assumed to be
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degraded or inoperable. The primary uncertainty lies with the lack of fire test
documentation to substantiate the fire endurance ratings for the actual seal
configurations installed. Given the comprehensive features associated with the
defense-in-depth philosophy of PG&E's Fire Protection Program (FPP) for
prevention, detection, and suppression of fires, the indeterminate fire endurance
status of the silicone foam seals does not adversely affect the safe shutdown
capability of Diablo Canyon Power Plant. (DCPP) Units 1 and 2.

The penetration seals form a component of the defense-in-depth philosophy.
Under this philosophy, the amount of combustibles and ignition sources in an
area are controlled by administrative procedures, thus limiting the potential for
starting of fires. To supplement this, manual fire suppression equipment such as
portable fire extinguishers and fire hoses are provided at strategic plant
locations. In areas where fire hazards warrant, automatic suppression and/or
detection systems are also provided. Finally, rated fire barriers are provided to
limit the spread of potential fires.

Typically, penetration seals comprise only a small percentage of the su'rface area
of a fire barrier. Considering the overall defense-in-depth philosophy, the
penetration seals comprise only a small portion of one element of the overall fire
protection scheme. While a number of penetration seals were identiTied with the
damming material not installed, these seals represent a small portion of the
penetration seal population. Based on a review of the penetration seal designs
used at DCPP, which indicates that the seals may be assumed to have a
minimum equivalent of 6 inches of foam, lack of the damming material is not
anticipated to result in a significant reduction in the ability of the seals to prevent
propagation of fire. Thus, the existing seals, in conjunction with the defense-in-
depth philosophy and existing fire protection features, provide sufficient margin
commensurate with the hazards at DCPP. As such, reasonable assurance is
provided that significant fires will not occur, and any potential fire will be
controlled such that the plant could be'safely shutdown.

As ari interim compensatory measure, hourly fire watch patrols have been
implemented in accordance with ECG 18.7 to enhance the fire protection
identification and mitigation capabilities at DCPP.

V. Corrective Actions

A. Immediate Corrective Actions

Fire watches were veriTied to be in place in accordance with ECG 18.7.
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B. Corrective Actions to Prevent Recurrence

A program was established to develop a basis for qualification of fire
barrier penetration seals with respect to qualified fire tests or
commensurate with the hazards at DCPP. This program includes
guidance contained in Generic Letter (GL) 86-10, "Implementation of
Fire Protection Requirements." Where penetration seals are identified
that cannot be qualified, the seal is being reworked.

Significant fire hazards at DCPP are piesent within only a few fire
areas, and most areas do not include appreciable combustible
loadings (the fire duration for many areas is less than 30 minutes, and
most areas have an equivalent fire duration of less than 45 minutes).
Also, PG&E uses conduits more extensively than cable trays, which
limits exposure to any combustible hazards. In addition, most existing
fire barrier penetrations have relatively small exposed surface areas.
Therefore, PG&E developed a methodology that evaluates a given
penetration seal in conjunction with the fire hazard in the area and
other fire protection features.

The evaluation methodology incorporates the criteria in ASTM E-119,
"Standard Test Methods for Fire Tests of Building Construction and
Materials," and E-814, "Fire Tests of Through-Penetration Fire Stops,"
for no passage of flame or hot gases that could cause ignition of
cotton waste on the unexposed side of the barrier and no projection of
water beyond the unexposed surface of the penetration during hose
stream testing. The program also maintains a conservative margin
between the tested fire rating of the seal and the fire hazard iri the
area, including both in-situ and transient combustibles.

The review of penetration seals with significant fire loading and
minimal margin has been evaluated against Appendix R standard fire
protection criteria. The Appendix A portion of the review will continue
until complete. However, for most fire barrier penetration seals; where

, existing hazards are not significant, an evaluation of the applicability of
the cold side temperature acceptance criteria from E-119 (250 degrees
Fahrenheit above ambient) and E-814 (325 degrees Fahrenheit above
ambient) will be performed. This evaluation will consider the potential
for storage of combustibles, in-situ or transient, that could affect the
expected performance of a penetration seal. The DCPP combustible
control calculation and personnel training were implemented,.as.
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necessary, to ensure that penetration evaluation assumptions are
maintained.

2. Walkdowns document adequacy of penetration seal configurations.

3. Appropriate design and installation documents and procedures are
being reviewed, and revised as necessary, to ensure that the
appropriate information on all installation details required to ensure a
qualified penetration seal configuration are clear. This includes
guidance regarding the difference between permanent damming and
temporary forming materials.

4. The level of understanding of fire barrier penetration seal requirements
by personnel in the design and installation organizations was
reviewed. Additional training was determined not to be necessary
since the current level of understandin'g was determined to be
acceptable; the need for damming boards and the need for fire barrier
penetration seals to conform to tested configurations are clearly
understood.

5. A review confirmed that adequate controls exist in engineering
procedures to ensure that fire protection personnel review design
changes prior to implementation.

6. Appropriate design change documents and work process documents.
controlling fire barrier penetration seal removal and/or reinstallation
were reviewed, and updated as necessary, to ensure that the
requirement for installing and/or restoring fire protection seals to their
qualified configuration is clear.

7. Organizational responsibilities for control of penetration seals were
clarified through revision to Inter-departmental Administrative
Procedure CF3.ID9, "Design Change Package Development."

Presently the program to disposition Appendix R penetration seals is
complete with minor exceptions. The program to disposition Appendix A
seals is in a revalidation phase at approximately 80 percent complete.
Deficient fire barrier gaps are being identified. The scope of work to
disposition the gaps will be done within the penetration seal corrective
action process.
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PG8 E verified that the fire watches previously established for inoperable
penetration seals provided an adequate compensatory measure for the
areas where the newly identified conditions were noted.

Vl. Additional Information

A. Failed Components

None.

Previous Similar Events

None.

Other Related Information:

NRC Information Notice (IN) 88-04, "Inadequate Qualification and
Documentation of Fire Barrier Penetration Seals," and its Supplement 1

notified utilities that "some installed fire barrier penetration seal designs
might not be adequately qualiTied for the design rating of the penetrated
fire barriers." PG&E reviewed IN 88-04 and its Supplement for impact to
DCPP. The review concluded that, though PG&E was not in strict
accordance with all the recommendations of IN 88-04 (e.g., PG8 E used
325'F above ambient for cold side rather than 325'F maximum), the
differences were negligible with respect to plant safety.

However, PG8 E's review of IN 88-04 did not raise the issue of whether all
as-built penetration seal configurations conformed with installation details,
especially with respect to the presence of damming boards.

'ER 1-96-011, "Fire Barrier Penetration Seals Outside Design Basis Due
to Untested Application of Epoxy Grout Material," dated September 6,
1996, identified that some fire barrier penetration seals were outside
design basis because of an untested application of epoxy grout material.
A 3-hour fire test, was performed on various Ceilcote 658-N epoxy resin

grout seal assemblies using the time/temperature curve found in

ASTM E-119. The test determined that seals around penetrants (metallic
pipes, conduits, instrument tubes, etc.) passed the three hour fire rating
with design limitations defined by the test. These limitations were added

*

to site design documents and procedures.




