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EXECUTIVE SUMMARY

D. C. Cook Units 1 and 2
NRC Inspection Report No. 50-315/97017(DRP); 50-316/97017(DRP)

This inspection included the follow up on issues regarding fibrous material in containment first
identified by the NRC on September 11, 1997. The report covers a five and a half month period
of regional inspection.

~En ineerin

~ ~ A lack of design control led to the installation of Fiberfrax, a fibrous damming material
found inside both containments that could potentially cause blockage of the containment
recirculation sump screens during the recirculation phase of a loss of coolant accident
(LOCA) resulting in insufficient emergency core cooling water flow to the reactor vessel.
The lack of sufficient measures to assure that the design basis was correctly translated
into specifications to control the installation of material that could potentially have an
adverse effect on the safety-related functions of the containment system is an apparent
violation and is being considered for escalated enforcement (Section E1.1.b.7).

The installation of unjacketed fibrous insulation inside of both containments could
potentially cause blockage of the containment recirculation sump screens during the
recirculation phase of a LOCA, resulting in insufficient emergency core cooling water flow
to the reactor vessel. The lack of sufficient measures to assure that the design basis was
correctly translated into instructions which would be changed in a controlled manner is an
apparent violation and is being considered for escalated enforcement (Section E1.1.b.7).

The containment inspection tour procedure, which defined how to perform containment
inspections, was inappropriate to the circumstances in that it made no reference to
inspection for fibrous material or insulation that could clog the recirculation sump. This is
an apparent violation and is being considered for escalated enforcement
(Section E1.1.b.7).

The installation, replacement, and repair procedure. for silicone fire barrier penetration
seals was inappropriate to the circumstances in that it did not require that fibrous
damming material be removed or encapsulated following sealing operations. This is an
apparent violation and is being considered for escalated enforcement (Section E1.1.b.7).

One unresolved item relative to Technical Specification operability of the as-found
condition of the containment recirculation sump was also identified. The unresolved item
will be dispositioned subsequent to the completion of a detailed analysis by the
engineering department.

The initial engineering evaluations performed to determined whether or not the
recirculation sump was operable in the as-found condition were not well supported and
did not fullyaddress the amount of debris found in containment. Subsequent engineering
e>aluations and support to restore the containment material condition were thorough.
Engineering personnel also did an extensive evaluation of the coatings on equipment that
could have an adverse effect on the performance of the recirculation sump screens
following a LOCA (Section E1.1.b.6).
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~ The corrective action implemented subsequent to the final evaluations of material
condition problems in containment were extensive. The licensee removed over
13,000 pounds of various materials from the containments, including insulation, coatings
(paint), labels, rust, tape, high efficiency particulate air (HEPA) filters, granular charcoal,
and other foreign material. In Unit 1, paint was removed from the lower containment floor
down to the base concrete and new coatings were applied. Equipment such as welding
machines, vacuums, and man lifts used during outages were also removed
(Section E1.1.b.3).
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Re ort Details

Summa of Plant Status

Unit 1 and Unit 2 remained in Mode 5, Cold Shutdown, during this inspection period. The
unplanned outage was in response to NRC and licensee concerns with the operability of the
containment recirculation sump and other engineering issues.

III. En ineerin

E1 Conduct of Engineering

E1.1 Fibrous Material Found In Containment Both Units

Ins ection Sco e 37551

On September 11, 1997, the inspector observed fibrous material that appeared to be
insulation in containment. The inspector evaluated the impact of insulation material on
the containment recirculation sump screen and based on the volume of material found,
questioned the operability of emergency core cooling systems that would take a suction
on the sump in the recirculation phase of a loss of coolant accident (LOCA). Further
evaluation of the operability of the sumps separately by engineering personnel and the
inspector identified other material and debris that could potentially be transported to and
clog the recirculation sump. Numerous meetings were held with the licensee to discuss
the impact of these issues on the recirculation sumps. The inspector observed portions
of the corrective actions taken and ongoing assessments to resolve containment fibrous
material issues.

Documents Reviewed:

Generic Letter 85-22: Potential for Loss of Post-LOCA Recirculation Capability Due to
Insulation Debris Blockage, December 3, 1985

July 15, 1986 memorandum, Marrocco/Swenson to Feinstein, Subject: Generic
Letter 85-22: Potential for Loss of Post-LOCA Recirculation Capability Due to Insulation
Debris Blockage

January 25, 1989, memorandum, Mickatavage to Hafer, Subject: Cook Nuclear Plant-
Unit 2, Containment Insulation, Re: Temporary Use of Blanket or Calcium Silicate
Insulation

AEP:NRC:1188, June 11,1993, from S. J. Brewer, response to Bulletin 93-02: Debris
Plugging of Emergency Core Cooling Suction Strainers

AEP:NRC:1188A, August 6, 1993, From E. E. Fitzpatrick, second response to
Bulletin 93-02: Debris Plugging of Emergency Core Cooling Suction Strainers

D. C. Cook Plant, Technical Specification (TS) 3.5.2
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Specification DCC-FP101-QCN, Revision No. 14, February 28,1995, Fire Barrier
Penetration Seals, including Change Sheet No. 1, September 29, 1995, and all of the
previous revisions

Specification No. DCCPV450QCS, Revision No. 6, January 4,1988, Thermal Insulation,
and all of the previous revisions

Procedure No. 01-OHP 4030.001.002, Revision 14, April 7, 1997, Containment Inspection
Tours

Procedure No. 12CHP5021.ECD.005, Revision No. 9, April 26, 1991, Installation,
Replacement, and Repair of Silicone Fire Barrier Penetration Seals, up to and including
Change Sheet No. 7, July 29, 1997

NUREG/CR-6224 Parametric Study of the Potential for BWR ECCS Strainer Blockage
Due to LOCA Generated Debris, October 1995

Fibrous Material Update (handout), D. C. Cook Nuclear Plant Meeting with USNRC,
November 4, 1997 (attached)

Licensee Event Report (LER) 50-315/97024, Revision 2, December 31, 1997, and
Revision 3, March 4, 1998, Material Discovered in Containment Degrades Containment
Recirculation Sump and Results in Condition Outside Design Basis

AEP:NRC:1260G6, January 8, 1998, Attachment 2, Containment Sump Operability
Determination, January 6, 1998

Observations and Findin s

On September 11, 1997, while in the annulus area inspecting the Unit 2 crane wall for
communication flow paths between the annulus area and the lower containment, the
inspector observed fibrous material that appeared to be insulation in an electrical cable
tray. The licensee identified the fibrous material as "Fiberfrax." Fiberfrax was used as a
damming material for installing fire stops in cable trays in both containments. The
Fiberfrax material was found in 12 cable trays in Unit 1 and in 15 cable trays in Unit 2.
The inspector questioned the licensee regarding the potential existence of additional
fibrous material in both containments. The licensee subsequently determined that it had
used an insulating material known as Temp-Mat in applications inside containment that
were not in accordance with the insulation specification.

The safety significance of having uncontrolled amounts of fibrous material in containment
relates to the potential for this material to be transported to the recirculation sump
screens during a LOCA. During the long term recirculation phase of a LOCA, the
emergency core cooling systems (ECCS), including the residual heat removal and the-
containment spray systems, take suction from the containment sump. The fibrous
material, which is light and relatively transportable, could be drawn to the surface of the.
sump screens by the recirculation flow of the water in lower containment. However, the
fibrous material itself is not a major threat to restricting flow through the sump screen.
An NRC analysis contained in NUREG/CR-6224 stated that unacceptable strainer
(screen) blockage and loss of net positive suction head (NPSH) margin can occur within
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the first few minutes after ECCS pumps achieve maximum flows. Blockage occurs when.
the ECCS strainers (screens) are exposed to LOCA generated fibrous debris in the
presence of particulates (sludge, paint chips, concrete dust, etc). The end result is that
the fibrous material acts like a filter and becomes clogged with other small debris such as
rust, dust, and paint particulate generated by the LOCA. Once the sump screen
becomes sufficiently clogged through this filter action, the ECCS pumps lose NPSH and
cease to perform their safety functions of cooling the reactor core and controlling
containment pressure.

On September 17, 1997, the licensee made a 10 CFR 50.72 notification that fibrous
material was present in both Unit 1 and Unit 2 containments in enough quantity to
potentially cause excessive blockage of the containment recirculation sump screen during
the recirculation phase of a LOCA. On October 23, 1997, just prior to a public meeting,
the licensee updated the 10 CFR 50.72 notification to indicate that it had conducted an
analysis using bounding numbers from the best available data to show that the fibrous
material found in cable trays and temporary insulation on piping in the Unit 1 containment
would not have caused the Unit 1 recirculation sump to be inoperable. The NRC
disagreed with the licensee's analysis based on the amount of debris found in the
containment and the fact that the amount of recirculation flow the licensee was using was
non-conservative. The licensee subsequently updated the 10 CFR 50.72 notification, and
issued licensee event report (LER) 50-315/97024 Revision 2, on December 31, 1997. In
part, the LER stated that because of the variety of locations and quantity of materials
found in containment, taken in combination with the lack of a model for debris generation
and transport, blockage of the recirculation sump could not be discounted and the sumps
were therefore considered inoperable in the as-found condition. The LER also stated
that, in anticipation of the need, for more detailed analyses for debris generation and
transport to address the generic issue of sump/strainer blockage for pressurized water
reactors, efforts are underway to develop models to study actual sump debris threats.

Other problems were identified through additional separate inspections by the inspector
and the licensee. For example, coatings (pai0t), labels, rust, tape,.high efficiency
particulate air (HEPA) filters, granular charcoal, and other foreign material had been
allowed to degrade or accumulate over time, such that these items represented a major
source of fibrous material and debris in containment.

\

On November 4, 1997, a meeting between the NRC and American Electric Power was
conducted to discuss the licensee's basis for determining whether or not the Unit 1

recirculation sump was operable. The licensee provided a Fibrous Material Update
handout describing the methodology and the values used for some assumptions. The
NRC questioned a number of aspects of the licensee's methodology, including: 1) the
flow rate; 2) the zone of influence of a break; 3) the amount of debris; 4) the size of the
sump screen (the handout indicated 66 square feet); 5) the use of galvanized screens
with some of the quarter inch openings either completely or partially blocked from the
galvanization process; and 6) the effect of having the trash rack directly against the fine
screen resulting in more head loss and less available area for coolant flow. The values
specified in the licensee handout were based, in part, on the boiling water reactor owners
group (BWROG) estimates, and while not directly applicable to the D. C. Cook plant, did
provide some degree of reference to the quantity of debris assumed in the analysis.
Debris such as dirt/dust was estimated to be 150 pounds, rust flakes - 50 pounds, and
paint/coatings - 100 pounds. This was the amount of debris that was assumed to be
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transported to the recirculation sump and clog any fibrous material that would be caught
'n

the recirculation sump screens.

b.1 Sources of fibrous material in the containments:

HEPA filters were housed in two containment auxiliary filterenits per containment.
The structural integrity of these units is questionable as described in the
licensee's August 6, 1993, second response to Bulletin 93-02 (AEP:NRC:1188A).
These containment auxiliary filter units were designed to withstand a jet
impingement pressure of 2.0 psi (pounds per square inch). Yet the licensee's
analysis found that the filter house could withstand a jet impingement pressure of
only 0.25 psi considering the capacity of its anchorage into the floor of
containment. These filter units had not been used since early plant operation.
The above analysis, which took credit for Leak Before Break (LBB), indicated the
filter units would withstand the jet forces associated with postulated accidents.
Current guidance is that LBB may not be used when determining debris
generation. The 1993 response also stated that during the next refueling outages
for each reactor, a walkdown would be performed to gather additional structural
data on the filter houses. Following the walkdown, recommendations would be
made regarding any necessary modifications to restore these structures to their
original design requirements. The inspector questioned the licensee as to
whether or not corrective actions were taken to restore the containment auxiliary
filter units to their original design or, ifnot, to justify the as-found condition. The
licensee was unable to find any record of follow-up actions. The HEPA filters
were a source of 100 pounds of fibrous material per containment.

In addition to the HEPA filters described above, other sources of fibrous material
for Unit 1 lower containment included 227 pounds of Temp-Mat at 11.25 pounds
per cubic foot, and 106 pounds of fiberglass at 4 pounds per cubic foot. Unit 2
had no fiberglass but did have 167 pounds of Temp-Mat in lower containment.
Unit 1 also had 48 pounds of Fiberfrax at 8 pounds per cubic foot in the
containment annulus area. Data was not available for the Temp-Mat in the Unit 1

annulus. Unit 2 had 38 pounds of Temp-Mat and 60 pounds of Fiberfrax in the
containment annulus area.

Revision 2 to LER 97-024, dated December 31, 1997, and Revision 3, dated
March 4, 1998, incorrectly indicated that the fibrous material has a volume of
approximately 10 cubic feet per pound. The fibrous material volume (usually
expressed in pounds per cubic foot) depends on the type of material as described
above., This issue was discussed with cognizant plant staff who stated that they
will correct this conservative oversight in the next revision to the LER.

N

The licensee identified that fiberglass insulation material was also wedged around
the level sensing tubes inside the containment recirculation sump. This source of
fiberglass bypassed the containment sump screens. An additional source of
fiberglass insulation was identified by the NRC in February 1998 during ice
condenser inspections. The subject fiberglass was roughly 10 feet by 10 feet and
represented approximately 15 cubic feet of additional fibrous material for each





containment. The licensee also identified a significant amount of additional
fibrous material and debris frozen in the ice located in the ice condenser for ~

Unit 1.

b.2 Sources of other material in containment that could come loose durin a LOCA

~ Anbther source of material that could potentially block the recirculation sump
screens was Unistrut covers. Unistrut covers were removed from the
containments of both units amounting to 720 pourids of plastic covers from Unit 1

and 1296 pounds of metal covers from Unit 2.

~ Various types of tape were used in containment such as duct tape, electrical tape,
fiberglass tape, marking tape,-etc. Adequate controls were not applied to the use
of tapes, such that some of the tape applications were not adequately secured
and could become a source of material that could block the recirculation sump.

Labels used in containment appeared to be degraded. The licensee stated that
the labels were qualified to withstand a design basis accident and not dislodge or
become a source of debris that could clog the recirculation sump. During a
containment tour, the inspector requested, and was granted, permission from the
licensee to try to remove one of many questionable labels. This label was for one
of the containment auxiliary filter units that was scheduled to be removed in its
entirety. The inspector, using gloved hands, was able to remove the outer plastic
covering of the label. The outer covering measured approximately 12 inches by
16 inches. This label had a bubble at one edge that allowed the outer plastic
cover to be peeled off. Other labels had similar damage that had accrued over
the years during maintenance activities. Some labels had no bubbles or other
damage and were adhering tightly to the paint or containment surface. However,
in some cases, the sub-surface material was loose, allowing easy removal of the
label. In other cases, the plastic outer covering was discovered to be peeling
away from the label due to environmental conditions. In the past, a team of
licensee personnel would check on the condition of labels, but that practice was .

discontinued. The licensee subsequently removed the majority of labels in lower
containment and verified that the remaining labels were in an acceptable
condition.

b.3 Sources of material that could clo the recirculation sum screen durin a LOCA

~ The containment auxiliary filter units for each containment contained
2,880 pounds of granular charcoal. As described above, the ability of these units.
to withstand the forces of a LOCA was questionable. The licensee subsequently
removed the containment auxiliary filter units from the lower containment in both
units.

~ Coatings (paint, concrete attached to paint, labels, rust, tape, etc.) were removed
from both units, 3,850 pounds from Unit 1 and 680 pounds from Unit 2.

In summary, while all of the material listed above would not be drawn to the recirculation
sump in the event of a LOCA, the amount of debris and fibrous material present in both
containments called into question recirculation sump operability. The licensee, as part of
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it's corrective actions, has removed over 13,000 pounds of various materials from the
containments, including insulation, coatings (paint), labels, rust, tape, HEPA filters,
granular charcoal, and other foreign material. In Unit 1, paint was removed from the
lower containment floor down to the base concrete and new coatings were applied.
Equipment such as welding machines, vacuums and man lifts used during outages were
also removed. A formal containment sump operability determination was docketed during
the January 8, 1998, public meeting. The NRC reviewed this operability determination
and concluded that it was adequate. The NRC has also reviewed portions of the
corrective actions taken to return the sump to an operable status.

b.4 Prior Notice

As part of the licensee's review process for Generic Letter 85-22, "Potential for Loss of
Post-LOCA Recirculation Capability Due to Insulation Debris Blockage," and Regulatory
Guide 1.82, Revision 1, an internal memorandum dated July 15, 1986,
Marrocco/Swenson to Feinstein, was written. This memorandum documents an
assessment by personnel in the licensee's Piping and Valve Section and stated that the
D. C. Cook plant generally meets the requirements of Regulatory Guide 1.82, Revision 1,
with some notable exceptions:

Each unit at the Cook Plant has only one recirculation sump. Regulatory
Guide 1.82, Revision 1, suggests a minimum of two sumps which are, to the
extent practical, physically separated.

The NRC recommends that Regulatory Guide 1.82, Revision 1, be used as
guidance for the conduct of 10 CFR 50.59 reviews dealing with the change out
and/or modification of thermal insulation installed on primary coolant system
piping and components. The Piping and Valve Section suggested that Nuclear.
Safety and Licensing consider the contents of Generic Letter 85-22 and
Regulatory Guide 1.82, Revision 1, without committing to review subsequent
insulation changes in accordance with these guidelines.

The NRC suggests that-in the event of future insulation changes, plants with small
debris screen areas (less than 100 square feet), high ECCS recirculation flows
(greater than 8000 gpm), and small NPSH margins (less than 1 or 2 feet of water)
would benefit from 10 CFR 50.59 reviews using the guidance recommended in
Regulatory Guide 1.82, Revision 1. The Piping and Valve Section's assessment
stated that the recirculation sump screens are approximately 84 square feet in
area, the flow rate ~er strin is 7700 gpm, and the design NPSH is high. Based
on the high NPSH margin, the engineers rendered an opinion that the Cook plant
would not benefit substantially from application of Regulatory Guide 1.82,
Revision 1.

Based on a review of the licensee's assessment, the inspector concluded that the
licensee had prior notice of the importance of reviewing the change out and/or
modification of thermal insulation installed on primary coolant system piping and
components. The review performed to consider the relevance of the information
contained in Generic Letter 85-22 and Regulatory Guide 1.82 should have provided
sufficient information regarding the risks associated with leaving fibrous material in
containment.
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b.5 Recirculation Sum Screen Area

The area of the recirculation sump screen, the maximum ECCS flow rate, and the
number and the physical separation of recirculation sumps contributes to the
determination of how much debris can be tolerated in containment. In 1986, the design
basis recirculation sump screen area was considered to be approximately 84 square feet
(as stated in an internal memorandum dated July 15, 1986, Marrocco/Swenson to
Feinstein). The November 4, 1997, Fibrous Material Update handout stated that the
recirculation sump screen area was approximately 66 square feet. Attachment 2 to
AEP:NRC:1260G6, Containment Sump Operability Determination, January 6, 1998,
stated that the existing (as-left) sump screen open flow area, after subtracting structural
elements of the grating such as screen arid grating ligaments, is approximately
37.9 square feet. The sump screen trash racks were recently aligned to optimize open
flow area. Prior to this optimization, the (as-found) worst case open flow area was
determined by calculation to be as-low as 18 square feet (as stated in Attachment 2 to
'AEP: NRC:1260G6).

The recirculation sump screen area measured in square footage in the as-found condition
appears to be less than that assumed in the original design. This smaller area, combined
with the amount of debris and fibrous material present in both containments, are factors
used in the determination of recirculation sump operability.

b.6 En ineerin and Technical Ade uac

The initial evaluations performed to evaluate the condition of the recirculation sump were
not thorough and did not address all of the materials that could impact containment
recirculation sump operability. Subsequent to these evaluations, engineering support for
improving the material condition of containment was good. The inspector noted that the
efforts of engineering personnel, in conjunction with those from personnel in the
maintenance and operations departments, resulted in improving the appearance of
various areas within upper and lower containment. Engineering personnel also did an
extensive evaluation of the coatings on equipment that could have an adverse effect on
the performance of the recirculation sump screens following a LOCA.

b.7 A arent Violations and Unresolved Item

~ The lack of an adequate design control process led to'the installation of fibrous
damming material inside of both containments. The fibrous material could cause
blockage of the containment recirculation sump screens during the recirculation
phase of a LOCA, resulting in insufficient emergency core cooling water flow to
the reactor vessel. The specification for fire barrier penetration seals,
Specification DCC-FP101-QCN, Revision No. 14, February.28, 1995, including
Change Sheet No. 1, September 29, 1995, detailed the requirements for seal
installation and maintenance. Section 3.5 states, in part, that the following

, noncombustible materials can be left in place following the sealing operation:
3.5.2 Carborundum Company Fiberfrax refractory insulation products in bulk,
blanket, board or cloth form. Fiberfrax, a material that could potentially clog the
containment recirculation sump, was permanently installed in both containments
in 1985, 1986, and in 1995 during maintenance outages, and was present in
12 cable trays in Unit 1 and in 15 cable trays in Unit 2. Also, there were numerous
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communication paths between the annulus area where the fibrous material was .

found and the lower containment on September 11, 1997. These paths provide a
means for any Fiberfrax that could have been dislodged during a LOCA to be
transported to the containment recirculation sump screens. Appendix B of
10 CFR Part 50, Criterion III (Design Control), requires, in part, that measures be
established to assure that the design basis is correctly translated into
specifications and that measures also be established for the selection of materials
that are essential to the safety-related functions of the structures, systems and
components. The lack of sufficient measures to assure that the design basis was
correctly translated into specifications to control the installation of material that
could potentially have an adverse effect on the safety-related functions of the
containment system is an apparent violation of 10 CFR Part 50, Appendix B,
Criterion III (Design Control) (EEI 50-315/97017-01; EEI 50-316/97017-01).

The installation of unjacketed fibrous insulation inside of both containments could
potentially cause blockage of the containment recirculation sump screens during
the recirculation phase of a LOCA, resulting in insufficient emergency core cooling
water flow to the reactor vessel. In 1989, after the steam generator replacement
project, licensee personnel discovered missing or severely damaged reflective
metallic insulation (RMI), or mirror insulation, and determined that the insulation
needed to be replaced. One option was to use a non-metallic insulation (Temp-
Mat). A January 25, 1989 memorandum, Mickatavage to Hafer, stated that Temp-
Mat was to be used on a temporary basis, recommended that the Temp-Mat be
replaced with RMI during the riext convenient outage, allowed the use of Temp-
Mat insulation without a type 304 stainless steel, 0.010" thick jacket, and contrary
to Design Specification DCCPV450QCS, incorrectly stated that "the replacement
is not considered to be a design change." Since Temp-Mat was to be used on a
temporary basis, controls should have been instituted in 1989, at the time of first
installation, for replacement at the next outage.

The specification for installation of Thermal Insulation, No. DCCPV450QCS,
Revision No. 6, dated January 4, 1988, Section 4.3.9, "Metal Jackets (Within
Containment)," states, in part, that all applied pipe insulation within the
containment area shall be covered with prefabricated 0.010" thick, type 304
stainless steel jackets. Appendix B of 10 CFR Part 50, Criterion III (Design
Control), requires, in part, that measures be established to assure that the design
basis is correctly translated into specifications and instructions, and that
deviations from such standards are controlled. However, since 1989, sufficient
measures were not established to assure that the design basis described in the
thermal insulation specification was correctly translated into instructions which
would be changed in a controlled manner. Specifically, a January 25, 1989,
engineering memorandum allowed the use of Temp-Mat insulation without a'type
304 stainless steel, 0.010" thick jacket as a replacement for metallic insulation,
contrary to Design Specification DCCPV450QCS, and the memorandum
incorrectly indicated that "the replacement is not considered to be a design
change." The" fibrous piping insulation material known as Temp-Mat was
subsequently installed in both containments without appropriate metal jackets.
The lack of sufficient measures to assure that the design basis was correctly

11
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translated into instructions which would be changed in a controlled manner is an
apparent violation of 10 CFR Part 50, Appendix B, Criterion III (Design Control)
(EEI 50-315/97017-02; EEI 50-316/97017-02).

The procedure used to conduct containment inspection tours,
No. 01-OHP 4030.001.002, Revision 14, April 7, 1997, defined how to perform
containment inspections. However, this procedure was inadequate in that it did
not contain a step requiring a review, during containment inspections, for the
presence of fibrous material or insulation that could clog the recirculation sump.
Numerous containment inspection tours were made during the last 12 years and
the fibrous insulation material was not identified. Appendix B of 10 CFR Part 50,
Criterion V (Instructions, Procedures, and Drawings), states, in part, that activities
affecting quality shall be prescribed by documented procedures of a type
appropriate to the circumstances. The subject procedure described how to
perform containment inspections, but did not reference inspecting for fibrous
material or insulation that could clog the recirculation sump. The procedure for
conducting containment inspections was inappropriate to the circumstances in
that it failed to include a review for the presence of fibrous material during
containment inspections. This is an apparent violation of 10 CFR Part 50,
Appendix B, Criterion V (Instructions, Procedures, and Drawings)
(EEI 50-315/97017-03; EEI 50-316/97017-03).

The procedure for the installation, replacement, and repair of silicone fire barriers,
No. 12CHP5021.ECD.005, Revision No, 9, dated April 26, 1991, including
Change Sheet No. 7, dated July 29,1997, details the specific activities required to
install or perform work activities on silicone fire barrier penetration seals. This
procedure did not require that fibrous damming material be removed or
encapsulated following sealing operations. Fibrous damming material was
installed in 1985, 1986, and in 1995 during maintenance outages, and was
present in 12 cable trays in Unit 1 and in 15 cable trays in Unit 2. Appendix B of
10 CFR Part 50, Criterion V (Instructions, Procedures, and Drawings), states, in
part, that activities affecting quality shall be prescribed by documented procedures
of a type appropriate to the circumstances. The installation, replacement, and
repair procedure for silicone fire barrier penetration seals did not require that
fibrous damming material be removed or encapsulated following sealing
operations. The procedure was therefore inappropriate to the circumstances.
This is an apparent violation of 10 CFR Part 50, Appendix B, Criterion V
(Instructions, Procedures, and Drawings) (EEI 50-315/97017-04;
EEI 50-316/97017-04).

Technical Specification 3.5.2 requires, in part, that two independent ECCS
subsystems be OPERABLE with each subsystem comprised of an OPERABLE
flow path capable of transferring suction to the containment sump during the
recirculation phase of operation during MODES 1, 2, and 3. However, on
September 17, 1997, the NRC identified that since 1989, both units may have
been without an operable flow path to.the containment sump. Uncontrolled
insulation material and other fibrous material, combined with other debris, may
have resulted in enough volume of material being present in" both Unit 1 and
Unit 2 containments to cause blockage of the containment recirculation sump
screens during the recirculation phase of a LOCA, resulting in insufficient

12



(

jl'



emergency core cooling, thereby rendering ECCS inoperable. Containment
recirculation sump operability is an Unresolved Item (50-315/97017-05;
50-316/97017-05) pending completion of a detailed analysis by the engineering
department.

Conclusions

Four apparent violations were identified. The first apparent violation involved the lack of
sufficient measures to assure that the design basis was correctly translated into
specifications to control the installation of Fiberfrax, a fibrous insulation material that
could potentially clog the containment recirculation sump and severely impede the flow of
cooling water to safety-related containment systems. The second apparent violation was
for design instructions which bypassed design controls and allowed thermal insulation
material to be installed in containment without proper jacketing. The third apparent
violation addressed an inadequate containment inspection procedure that did not include
a step requiring a review for the presence of fibrous material or insulation that could
potentially clog the recirculation sump. The fourth apparent violation pertained to a
procedure for installation, replacement, and repair of silicone fire barrier penetration seals
that did not require that fibrous damming material be removed or encapsulated following
sealing operations.

One unresolved item relative to TS operability of the as-found condition of the
containment recirculation sump was also identified. The unresolved item will be
dispositioned subsequent to the completion of a detailed analysis by the engineering
department.

The initial engineering evaluations performed to determined whether or not the
recirculation sump was operable in the as-found condition were not well supported and
did not fullyaddress the amount of debris found in containment. Subsequent engineering
evaluations and support to restore the containment material condition were thorough.
Engineering personnel also did an extensive evaluation of the coatings on equipment that
could have an adverse effect on the performance of the recirculation sump screens
following a LOCA.

Corrective actions subsequent to the initial evaluations of containment recirculation sump
operability were extensive. The licensee removed over 13,000 pounds of various
materials from the containments, including insulation, coatings (paint), labels, rust, tape,
HEPA filters, granular charcoal, and other foreign material. In Unit 1, paint was removed
from the lower containment floor down to the base concrete and new coatings

were'pplied.

Equipment such as welding machines, vacuums, and man lifts used during
outages were also removed.

Exit Meeting

The inspector presented the inspection results to members of the licensee management
at the conclusion of the inspection on February 27, 1998, during an exit meeting that was
open to the public. The licensee had additional comments on some of the findings
presented and stated that the debris generation and transport detailed analysis would be
completed by April 20, 1998. No proprietary information was identified by the licensee.
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PARTIALLIST OF PERSONS CONTACTED

Licensee

¹A. Blind, Vice-President Engineering
¹D. Cooper, Plant Manager
¹E. Fitzpatrick, Executive Vice President
¹F. Pisarsky, Supervisor, Mechanical Component Engineering
¹J. Sampson, Site Vice-President
¹P. Schoepf, Supervisor, Safety-related Mechanical Systems

US NRC

¹A. Beach, Regional Administrator, Rill
¹R. Savio, Acting Director, Project Directorate ill-3, NRR
¹B. Burgess, Chief, Reactor Projects Branch 6, DRP
¹R. Gardner, Chief, Engineering Specialists Branch 2, DRS
¹J. Gavula, Chief, Engineering Specialists Branch 1, DRS
¹D. Butler, Reactor Engineer, DRS
¹B. Bartlett, SRI, D. C. Cook
¹B. Fuller, Rl, D. C. Cook
¹E. Schweibinz, Project Engineer, Reactor Projects Branch 6, DRP
¹M. Holmberg, Reactor Engineer, DRS
¹J. Strasma, Public Affairs Officer, Rill

¹Denotes those present at the February 27, 1998, exit meeting.
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INSPECTION PROCEDURES USED

IP 37551 On-site Engineering

ITEMS OPENED, CLOSED, AND DISCUSSED

ITEMS OPENED

50-315/97017-01
50-316/97017-01

EEI Apparent violation - the lack of sufficient measures to
assure that the design basis was correctly translated into
specifications to control the installation of material that
could be essential to the safety-related functions of the
containment system

50-315/97017-02
50-316/97017-02

EEI Apparent violation - the lack of sufficient measures to
assure that the design basis was correctly translated into
instructions which would be changed in a controlled manner

50-315/97017-03
50-316/97017-03

EEI Apparent violation - a procedure that defines how to
perform containment inspections and makes no reference
to looking for fibrous material or insulation that could clog
the recirculation sump is not appropriate to the
circumstances

50-315/97017-04
50-316/97017-04

50-.315/97017-05
50-316/97017-05

EEI Apparent violation - a procedure for installation,
replacement, and repair of silicone fire barrier penetration
seals that did not require that fibrous dammihg material be
removed or encapsulated following sealing operations is
not appropriate to the circumstances

URI The as-found condition of the containment recirculation
sump relative to TS operability during Modes 1, 2, and 3

15
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LIST OF ACRONYMS

AEP
CC

BWROG
CFR
CR
DCC
DRP
DPR
EA
EEI
gpm
HEPA
IEB
IR
LER
LOCA
Ml
NRC
NRR

-OHP
ps i
PDR
RMI
TS
UFSAR
URI

American Electric Power
carbon copy
Boiling Water Reactor Owners Group
Code of Federal Regulations
Condition Report
Donald C. Cook
Division of Reactor Projects
Demonstration Power Reactor
Escalated Action
Apparent Violation

*

gallons per minute
High Efficiency Particulate Air
NRC Bulletin
Inspection Report
Licensee Event Report
Loss of Coolant Accident
Michigan
Nuclear Regulatory Commission
Nuclear Reactor Regulator
Operations Head Procedure
pounds per square inch
Public Document Room
reflective metallic insulation or mirror insulation
Technical Specification
Updated Final Safety Analysis Report
Unresolved Item
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EIBROU MATERIAL
UPDATE

D.C. COOK NUCLEAR PLANT
: MEETING WITH USNRC

11/4/97



0



'~='"'-'="-:=:~~a CABLE TRAYF'IRE STOPS FOAM)
FIBROUS DAMMINGMATERIAL

a INSTALLATION BY-PRODUCT

~ NO REQUIREMENT TO REMOVE
~ INCONSISTENT WTH COOK

LICENSING BASIS

11/4/97
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;;;:=;::;~ ="=,"ORRECTIVEACTION
&~-+M<F4+WQMQ4w'~M 'W~qawQ~» ~~M4M~YÃ4~+PPAw+'~

'
15 LOCATIONS - UNIT2

~ INSTRUMENTROOM ANDANNULUS

~ MESH OR SOLID COVERED CABLE
TRAYS

~ MATERIALREMOVED FROM EACH
CONTAINMENT

11/4/97
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~ WALKDOWNFOR OTHER FIBROUS
MATERIALTHREATS TO SUMP

~ IDENTIFIED INSULATION
DEFICIENCIES INCONSISTENT WITH
LICENSING BASIS

~ EXPOSED FIBROUS MATERIAL

11/4/97
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fW All ~ DEVELOPED ACTION PLAN
~ DEFINE/ASSESS DEFICIENCIES
~ DISPOSITION DEFICIENCIES

a ENGAGED INDUSTRYEXPERT
~ AS-FOUND CONDITION

11/4/97





TORICAL OPERAMLITY

-"':~,'~~ INDUSTRYEXPERT TO ASSESS AS-
„'OUND CONDITIONS

7 1/4/97
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,.:,.:=.-.CORRECTIVE ACTION
(,':.'--:,'~;-'-;::(C~ONTINUED)

Q -4~ "~ "a WALKDOWNS- DOCUMENTED
A

TEMP-MATT LOCATIONS

REMOVE TEMP-MATT BELOWEL

~ LOOSE BANDING, OPEN JOINTS

7 1/4/97
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614'ACTIVE SUMP)

~ ENSURE INSULATIONCONSISTENT
WITH SPECIFICATION

~ REPAIRING DISCREPANCIES



KCCS Recirculation Sump
Performance Analysis

Cook Unit 1

Gilbert Zigler
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Overview

~ ECCS Recirculation Sump Performance
Analysis Methodology

~ Basis
~ Observations
~ Conclusions
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ECCS Recirculation Sump
Performance Analysis Methodology

Based on NUREG-0897 Methodology

. Updated by the BAR Strainer Data
—Debris Generation
—Debris Transport to the Basement Floor
—Debris Transport to the Recirculation Sump
—Head Loss Estimate Across Sump Screen
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Debris eneration
~ No directly applicable PWR debris

generation and transport data:

—pressure

~ Use of Conservative "Upper Bounds"

assume all fibrous insulation in one quadrant is in
the zone ofdestruction and transported to the

basement floor
~ Use ofBWROG URG destruction factors
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Cook Unit 1 Quadrant 4 Fibrous Insulation:

Temp-Mat (Wire-mesh): 32.8 lbs (Class 3l4)

Temp-Mat (Blankets): 48.9 lbs (Class 3/4)

Anti-Sweat Fiberglass: 0 lbs
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Other onsiderations

—RMI Insulation
~ Based on MJIT Tests the RMI was estimated to be

destroyed as large pieces
~ Based on STUK RMI.transport data, large RMI

pieces were judged not to be transportable

Calcium Silicate (CalSil):
~ 9.6 lbs (based on 10 ft long 6" OD pipe with 3"

CalSil cover and 10'/o destruction factor)
~ CalSil assumed to be particulate per BWROG URG

recommendations
jH[5
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ther onsiderations cont.

—DirtDuSt - 150 1bS (BWROG URG Estimates)

—Rust Flakes - 50 1bs (BWROG URG Estimates)

—Paint/Coatings
~ Blowdown: 100 lbs @20 microns (Engineering

Judgment)
~ Post-Blowdown: 1/4 inch chips have a large still

water settling velocity, hence were judged to settle

to basement floor after switchover
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Debris Transport in Basement
Floor Pool

Transport Occurs in 2 Phases:
—Blowdown/RWST

~ Initial Very Large Blowdown Flows
~ ECCS breakwater Flow from RWST
~ Ice Meltdown

—ECCS Switchover to Recirculation Mode
~ ECCS breakwater Flow from Recirculation Sump
~ Ice Meltdown
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FB Calculations

~ 2 Dimensional CFD used to estimate water
velocities and debris densities

~ Worst Case: Break occurs opposite quadrant
to recirculation sump quadrant

~ CFD revised to include air handlers, steam

generator supports, and equipment in key-
way tunnel
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KCCS Recirculation Sump Screen
Head Loss Estimates

Flow Rate: 8,800 gpm - flow rate at switchover

Sump Screen Area: 66 square feet
~ Water Temperature: 163 F- - temperature ofbasement

water pool at switchover

~ Pool Water Level: 10.8 ft - water level at switchover

(7.8 ft long term pool water level)

~ Closed Conduit Conditions Prevail - snmp

screen is completely covered with water

NP SH Malgin: 1 5. 8 ft at switchover (12.8 ft long term)
E'1%
('erpeni4a
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KCCS Recirculation Sump Screen
Head Loss Estimates (cont.)

~ BL'OCKAGE 2.5 used to estimate
sedimentation during recirculation mode-
used NUI&G/CR-6224 turbulence factor of 0.5 and experimentally
determined still pool settling velocities

~ HLOSS 1.0 used to estimate head loss
—1 l ft head loss @ 0.3 ft/sec approach velocity
—all debris uniformly deposited on screen

—thin fibrous beds (0.3 inches)
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Conclusion

Based on the quantities of Fibrous Insulation

removed, the Cook Unit 1 the sump screen head

loss was estimated to be less than NPSH margin,
hence the KCCS performance would not have

been affected by LOCA generated debris.
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