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Tennessee Valley Authority, Post Office Box 2000, Spring City, Tennessee 37381-2000

John A. Scalice
Site Vice President, Watts Bar Nuclear Plant

Nt 24

VU.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:

In the Matter of
Tennessee Valley Authority

Docket No. 50-390

WATTS BAR NUCLEAR PLANT (WBN) - WATTS BAR NUCLEAR PLANT (WBN) -
REQUEST FOR ADDITIONAL INFORMATION REGARDING THERMO-LAG RELATED
AMPACITY DERATING ISSUES - TAC NO. M85622

The purpose of this letter is to provide NRC with the information
requested by NRC letter dated August 29, 1996, concerning Thermo-
Lag ampacity derating factors. This information is provided in
the enclosure.

If you should have any questions, please contact P. L. Pace at
(423) 365-1824.

Sincerely

Scalice

nclosure
cc: See page 2

A/9~ 'I//

9611040179 961024
PDR ADOCK 05000390
P PDR

040032

)



Ak

U.S. Nuclear Regulatory Commission
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OCT 2 4 1996

cc (Enclosure):
NRC Resident Inspector
Watts Bar Nuclear Plant
1260 Nuclear Plant Road
Spring City, Tennessee 37381

Mr. Robert E. Martin, Senior Project Manager
U.S. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, Maryland 20852

U.S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323
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ENCLOSURE
WATTS BAR NUCLEAR PLANT UNIT 1

REQUEST FOR ADDITIONAL INFORMATION
THERMO-LAG RELATED AMPACITY DERATING FACTORS

The following provides the questions asked by NRC in the August 29,
1996, letter with the TVA response:

Question 1. Use of Steel Tray Cover Plate

"For Test Item 7.1 (single 24-inch X 4-inch tray with solid sheet
steel top cover and 5/8-inch (nominal) 330-1 fire barrier), a steel
cover was used as a part of the fire barrier system. The licensee
should verify that the subject cover plate was not in place during
the baseline ampacity derating test for test Item 7.1 or used as a
part of the fire barrier system for Test Item 7.2."

TVA Response

The assembly which was used to establish the baseline ampacity for
both specimens 7.1 and 7.2 did not include a sheet steel cover. This
can be established by reference in several sections of the Omega
Point Laboratories'(OPL) report entitled, "Ampacity Derating of
Cables Enclosed in One-Hour Electrical Raceway Fire Barrier Systems
(ERFBS)."

* The final paragraph of page 6 of the OPL summary notes that,
"After the baseline evaluation and prior to the installation of
the ERFBS, the cable tray was covered with a solid sheet steel
cover."

* Appendix 1 (page 57), entitled "Test Configurations," notes that
assembly 7.1 (baseline) is a "Single open top 24" x 4" ladder
back tray in free air."

* Section 7.1.1 of the test plan (page 42) states (regarding
assembly 7.1) that, "The configuration to be tested. . .
consists of a single ladder tray. For the tests on the
protected assembly, a solid sheet steel cover will be placed on
the tray and the assembly will be wrapped. . .

* Finally, the upper picture on page 530 shows the open top
assembly 7.1 in the ampacity enclosure shortly before the
commencement of testing. The lower picture on the same page
shows assembly 7.1, which has been removed from the test chamber
and returned to the fabrication building. This latter picture
documents the installation of the cover prior to the application
of the ERFBS.
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Failure to Achieve the Required Cure Time

"The licensee plan required that a 30-day fire barrier cure period be
obtained prior to the performance of the clad or wrapped ampacity
tests. This cure period was not achieved in the case of Test Item
7.3 (three stacked 24-inch X 4-inch trays, spaced on 12-inch centers,
in a common 5/8-inch 330-1 fire barrier enclosure). Furthermore,
there was no indication of barrier moisture level measurements prior
to or after the subject test. The licensee should provide an
assessment of the impact of apparent shortened cure time on the test
results for Test Item 7.3."

TVA Response

During the installation of the Thermo-Lag barrier, a decision was
made by the insulators to raise the bottom tray of the assembly (a
non-powered tray) 1-1/2 inches, to facilitate the insertion of the
Thermo-Lag and a thick sheet of plywood between the bottom of the
tray and the supporting Unistrut cart. The plywood would provide the
IEEE P-848 required thermal break and a means of distributing the
weight of the tray to the cart without crushing the barrier. The
installation of the ERFBS was finished and the assembly was deemed to
be "complete."

The result of the insertion of the additional plywood was a reduction
in the size of the gap between the middle and bottom trays from 8
inches (as required) to 6-1/2 inches. When this was determined to be
an unacceptable change to the configuration which had been baseline
tested, the bottom of the barrier was cutoff so that the thick sheet
of plywood could be removed and the assembly restored to its original
spacing. A 2-inch wide strip of Thermo-Lag 330-1 was then used to
close the gap between the sides and the bottom. The bottom was
reattached with tie wires and the seams were covered with stress
skin. The stress skin was overlapped 2 inches onto the bottom and
side pieces and skim coated to bring the assembly back to
"completion." The above series of events was documented and
evaluated on TVA/TSI Ampacity Test Plan Clarification No. 10 (page 63
of the test report).

The fabrication chronology described above was as follows:

* August 30, 1994 - Begin application of the ERFBS on assembly 7.3
with the altered spacing between the lower two trays.

* September 7, 1994 - Initial completion of assembly 7.3.

* September 8, 1994 - The revised spacing was deemed unacceptable,
the bottom was cut off, the spacing was restored and the
"splice" installed.

* September 9, 1994 - Completion of the final skim coat over the
"splice."
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* October 4, 1994 - Assembly 7.3 is placed in the ampacity test
enclosure and energized.

* October 6, 1994 - Completion of the ampacity evaluation for
assembly 7.3.

Thus, the application of the ERFBS to assembly 7.3 was twice declared
"Complete." The 30-day cure cycle was started at the first of these
"completions" and appears not to have been restarted following
discovery of the error in the barrier applications. While the bulk
of the assembly received its 30 day cure, the repair splice had cured
for only 27 days before the ampacity equilibrium was declared.

TVA does not believe that the shortened cure time for the repair had
any impact on the ampacity correction factor determined in the
subsequent testing for the following reasons.

* Percentage of the barrier surface area affected by the repair
splice - Assembly 7.3 measured approximately 144 inches long by
24 inches wide by 28 inches high before application of the
ERFBS. Therefore, the splice comprised only 4 percent of the
surface area.

* The location of the splice - The splice was located along the
side of the enclosure, adjacent to the siderail of the non-
powered tray (which simulated a control or instrumentation
raceway) outside of the primary areas of heat dissipation from
this enclosure.

* Elevated temperature exposure - Finally, it should be noted that
beginning October 4, 1994, the assembly was placed in the test
chamber (104'F ambient) and the power cables were energized.
These two steps would have accelerated the cure of the repair
splice.

Question 3. Simultaneous Testing of More Than One Test Item

"The licensee test procedures specified the testing of two different
test articles simultaneously in the same test enclosure. This
practice, while not specifically prohibited by the IEEE P848 draft
standard, "Procedure for the Determination of Ampacity Derating of
Fire Protected Cables," may have influenced some of the temperature
responses by the test articles.

For the subject tests, the surface temperatures of the tests articles
are significantly higher than that of the surrounding (i.e., the air
and walls of the test enclosure). This situation may lead to the
direct interchange of radiant energy between test articles when more
than one article is tested at the same time. The intent of the draft
test standard is to ensure that the test articles exchange energy
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only with the ambient surroundings. Hence, the practice of
simultaneous testing may introduce an unanticipated thermal effect
which could impact the test results.

To illustrate the possible effects, consider that Test Items 7.1 and
7.4 (three 1-inch diameter steel conduits in a horizontal row
surrounded by a common rectangular 5/8-inch 330-1 fire barrier) were
tested at the same time. For the clad test, it was also noted that
the left conduit of the Test Item 7.4 configuration was the hottest
specimen of the three conduits in the configuration. This result is
atypical because one would expect the test configuration to exhibit
symmetric heat transfer behavior such that the center conduit would
exhibit the highest temperature. One possible explanation for this
behavior would be the presence of Test Item 7.1, the cable tray
specimen, in the test enclosure.

The licensee is requested to describe further, the physical
separations (i.e., three dimensional depictions) between test
articles and any measures taken to ensure direct radiative heat
transfer did not occur between specimens test data. The licensee
should also provide an assessment of the impact on the applicable
test results due to any non-symmetric heating behavior which would be
associated with the simultaneous testing of multiple test articles."

TVA Response

The simultaneous testing of more than one specimen is implied by the
figure 4-4 of the draft of IEEE P-848 used by the TVA test program
(P-848 has since been approved by the IEEE Standards Board). That
figure shows a tray and a conduit within a common test chamber and
specifies a minimum lateral separation of 36 inches. The Staff
expressed concern that radiant energy from one specimen may have
resulted in a temperature rise on the adjacent specimen. The
contribution of energy from an external source could thereby
influence the test results.

The Staff cited the simultaneous testing of Thermo-Lag protected
assemblies 7.1 and 7.4 as one possible example of their concern. The
thermocouple data in section Appendix D of the report shows that
after cladding, the cables in the "left-most" conduit in assembly 7.4
(see the following sketch) experienced the hottest average maximum
temperatures (left - 90.420C, center 85.13'C, right - 86.04OC1). The
Staff hypothesized that this was the result of the heat contribution
from the adjacent tray.

The values shown are the average of the four thermocouples at cable midpoint
as taken during the final 60 minutes of the equilibrium period. "Left" and
"right" positions are defined with respect to the power feed end of the
assembly (the lower right-hand corner of the picture on page 552 of the
report).
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TVA does not believe that the non-symmetrical temperatures are the
result of simultaneous testing for the following reasons:

* The hottest conduit during the wrapped test of assembly 7.4 was
on the side of the enclosure away from assembly 7.1.

* The thermocouple data shown below also establishes that the
side-to-side delta T of specimen 7.4 was much lower than the
difference between the center and left conduits mentioned above

(0.20C versus 5.290C). The fact that the side of the ERFBS
enclosure which faced the "cold" wall of the test chamber is at
almost the same temperature as the side facing specimen 7.1
further confirms that the differential was not externally
generated.

TABLE 1
All temperatures in Degrees C

Average Data During the Final 60 Minutes of the Ampacity Test

OSITION ASSEMBLY 7.1 ASSEMBLY 7.4
"Left" Side 46.6 45.5
"Right" Side 46.8 45.3

Finally, we note that the subject of simultaneous testing was
discussed with the P-848 Working Group at the IEEE/ECC Spring 1996
meeting in Houston, TX. The group consensus was that no change to
the P-848 draft was warranted given the above considerations.

Question 4. Confirmation of Installed Ampacity Design Margins

"Given the completion of the ampacity derating tests (Phases I, II,
and III) for the Thermo-Lag fire barriers that are installed at WBN
Unit 1, the licensee should confirm that the existing ampacity design
margins are adequate and sufficient for each installed fire barrier
configuration. The licensee should delineate the minimum excess
ampacity derating margins for the various electrical distribution
circuits (e.g., 4kV, 480 V) enclosed by the Thermo-Lag fire barrier
material at the Watt Bar Nuclear Plant."

TVA Response

Upon completion of the Ampacity Test Program, TVA Corporate
Engineering evaluated the results and established conservative
ampacity correction factors (ACF) for various Thermo-Lag
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configurations. TVA Nuclear Power Electrical Design Standard DS-
E12.6.3, Revision 7, documents the ACF's approved for use in TVA
Nuclear Plants. Watts Bar Calculation WBPEVAR8909010, "Cable
Ampacity - V4 and V5," evaluates and documents Unit 1 cable ampacity
margins including Thermo-Lag ACF's. Revision 43 was a complete re-
verification based on DS-E12.6.3, Revision 7 and the as-constructed
Thermo-Lag protection for power cables. This calculation concluded
that all power cables have adequate ampacity margin. This
calculation is available on site for NRC review.
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