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FORWARD

The United States Nuclear Regulatory Commission (USNRC) has solicited the support of
Sandia National Laboratories (SNL) in the review of licensee submittals associated with
fire protection and electrical engineering. This letter report represents the third, and likely
the final, report in a series of review reports associated with a set of submittals from the
Watts Bar Nuclear Plant (WBN). These submittals deal with the assessment of ampacity
loads for cable trays and conduits protected by Thermo-Lag 330-1 fire barriers, and in
particular, with tests performed by Tennessee Valley Authority (TVA) to assess ampacity
derating factors for certain "special configurations" of the fire barriers at WBN. An initial
review report was prepared by SNL on April 5, 1996, and as a result the USNRC sent a
RAI to the licensee on August 29, 1996 requesting clarification of four items. On
February 21, 1997 a second report was completed to document the results of a SNL
review of the licensee response to this RAI. The documents were originally submitted by
the licensee in response to USNRC Generic Letter 92-08. This report addresses three
“special topics” in the context of the TVA submittals as related to (1) negative derating
factors and potential issues of transient dry-out, (2) bounding of untested conduit sizes,
and (3) testing of non-standard configurations. These three topics were specifically raised
in the USNRC SOW to SNL. This work was performed as Task Order 2, Subtask 1 of
USNRC JCN J2503.
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1.0 INTRODUCTION
1.1  Objective

In response to USNRC Generic Letter 92-08, the Tennessee Valley Authority (TVA)
Watts Bar Nuclear Plant (WBN) provided documentation of the licensee position
regarding ampacity derating factors associated with its installed Thermo-Lag 330-1 fire
barrier systems. SNL was requested to consider three “special topics” as a part of the
overall review process for the WBN submittals. These topics, as called out in the
Statement of Work for USNRC JCN J-2503, Task Order 2, Subtask 1 are as follows:

- “Explain the scientific basis for the negative ampacity derating [i.e., Ampacity
Correction Factors (ACF) > 1.0] test results reported in the TVA Final Report
(citation provided). Does these negative derating factors result from experimental
errors or a flaw in the test methodology? Whit is the possibility that these results
occur due to ‘transient dryout’ as described in the August 26, 1994 staff
memorandum on this subject?”

- “Section 4.2.3 of the Draft 12 of IEEE P-848 which states, ‘Conduit ampacity
tests shall utilize 2 and 4-inch rigid steel conduits. Tests conducted using these
two sizes shall be considered representative of all sizes provided that the fire
protective system installation methods and configurations are consistent across the
entire size range.” Given the wide ranges of ampacity derating factors provided in
the test results what is the technical basis that the ACF selected are independent of
conduit size. Please describe how the other conduit sizes (e.g. 3/4" and S-inch
conduit sizes) are bounded by the ampacity derating test results.”

- “Are the licensee test results achieved for those Watts Bar configurations (i.e.,
denoted ‘non-standard’) which differ from those configurations specified in IEEE
p-848 acceptable for use?”

The purpose of this report is to specifically respond to these three topics.
1.2 Summary of Review Findings

SNL recommends that the TVA/WBN tests be accepted, even given consideration of the
three specific points identified above. Indeed, SNL finds that the TVA/WBN tests were
performed in an exemplary manner, and have been thoroughly documented. No
discrepancies in the test protocol or results were noted by SNL that might call the results
into question. With regard to the three points identified above:

- No evidence of transient dryout was noted by SNL. An alternate explanation
for the negative ADF values is discussed below. While transient dryout is a
legitimate potential concern, the TVA/WBN test articles were all subject to
extended cure times. Hence, it is unlikely that transient dryout had a
significant impact on the test results. SNL recommends that the TVA/WBN
test results be accepted.



SNL recommends that the IEEE P848 specification that 1" and 4" conduit
samples will be considered representative of all trade sizes is an acceptable
practice. The 4" conduit should, in fact, bound the anticipated ADF for
larger conduit sizes given an equivalent fire barrier installation. While the 1"
conduit will not truly bound the smaller conduit sizes, the differences in ADF
should be insignificant.

SNL recommends that the USNRC accept the practice of testing non-
standard configurations using the IEEE test protocol provided that all of the
other critical aspects of the test standard are adhered to (instrumentation and
monitoring, ambient environment, verification of steady state conditions,
documentation, etc.), as did the TVA/WBN tests. It may be prudent to
approach the IEEE committee to request that the standard provide some
discussion of best practices in the testing of unique configurations.



2.0 NEGATIVE DERATING FACTORS AND TRANSIENT DRYOUT
2.1 Introduction

In certain of the TVA tests on conduits, the ampacity derating test indicated that the fire
barrier had actually increased the ampacity limit of the cables as compared to the baseline
conduit. This is not the expected result. In its work statement to SNL, the USNRC
requested that SNL address the technical validity of these test results, and in particular, to
assess the possibility that transient dryout of the fire barrier system may have
compromised the tests.

The sections which follow will address these specific points of potential concerns. Section
2.2 will discuss the issue of transient dryout both from a general theoretical standpoint and
from the standpoint of the TVA/WBN tests. Section 2.3 will discuss briefly other factors
that could explain the negative ADF findings. Section 2.4 will summarize SNL’s
recommendations in this regard.

2.2 Technical Aspects of the Dryout Problem

The fire barrier material Thermo-Lag 330-1 comes in two forms; namely, a pre-cured
panel or conduit shaped section and an un-cured trowel grade form. Typical installations.
include the use of both material forms. The full installation process includes a cure time
during which the trowel grade material drys and hardens to its final form much like plaster
or concrete. This process is said by the manufacturer to take approximately 30 days for
full curing.

Because of this behavior, there is a potential that the failure to fully cure a specimen prior
to ampacity testing might compromise the test results. That is, if during the ampacity test
there is a significant amount of moisture released by an un-cured fire barrier systems, then
the results of the test might be affected in an undesirable manner. This is because the
released moisture would carry heat away from the test article in a manner that would not
be expected of a fully cured actual installation. The presence of this extra mode of heat

“loss would tend to increase the measured clad case ampacity; hence, it would reduce the
estimated derating impact, a non-conservative effect.

Transient dryout of an ampacity test specimen could indeed impact the test results
depending on the quantity of water available for release, the rate of release, and the
duration of the water release. Initially, the water is present in the un-cured fire barrier in
the liquid phase. However, as dryout occurs the water is liberated as water vapor. Inthe
liquid-vapor transition process the water absorbs heat equal to the heat of vaporization,
and this heat is then carried away from the test article by the water vapor. Ifthereisa
sufficient rate of water loss, then the amount of heat carried away by the vapor could be
significant. At one atmosphere pressure, the latent heat of vaporization of water is 2.26
- kl/gram. Hence, a small amount of water does have the potential to carry away a
 significant amount of heat. The questions that must be answered in practical cases are (1)
how much water is available to begin with, and (2) might water loss represent a significant



factor in the overall heat transport problem. These questions will be discussed in the
following subsections.

2.2.1 How Much Water is Available

SNL cannot definitively determine the quantity of water which might be present in any
given test article at the time of ampacity testing due to the following uncertainties:

—  The initial water content of uncured Thermo-Lag is not known to SNL (the
formulation is TSI proprietary information). Based on our own experience,
the initial water content is probably on the order of 25% by volume or less.

= The available water will be present only due to the use of trowel grade
material because the panels and pre-formed conduit sections are fully cured
prior to installation. In particular, it will be any trowel grade that is applied
as a final overcoat that will be of most significance because it is this exposed
material that will most readily lose water during an ampacity test. However,
the amount of trowel grade used will vary considerably depending on the
details of the installation.

—  Alltest articles are cured for some significant period of time prior to testing.
Throughout this process the moisture content will decrease, although the rate
of decrease is unknown and will likely be impacted by various installation
details. The manufacturer recommends a 30-day period for full curing. SNL
is unaware of any specific concerns having been raised regarding this value.

In section 2.2.2 below SNL has considered a conservative case example in which a water
content was assumed to illustrate the potential impact.

2.2.2 Significance of Water Loss

It is possible for the loss of water from the test article during testing to have a significant
impact on the ampacity test results. However, under most realistic circumstances the
impact is likely negligible. To illustrate a “worst-case™ potential impact, SNL has
considered a single case example. This case involves a postulated 4" conduit with 3-1/C
750 MCM cables protected by a nominal 5/8" fire barrier. An upgrade comprised of a
total 1/4" thick trowel grade overlay is assumed to have been installed. A very
conservative analysis of this case is as follows:

-  If we assume a 4" standard conduit (4.5" OD), a 1/8" air gap between the
conduit and the barrier, a 5/8" thick barner, and a 1/4" overlay, then the
overall outside diameter of the system will be 6.5".

—  The outer layer of 1/4" thick trowel grade matenial will represent a volume
equivalent to about 59 cubic inches of material per foot of condun (or
9.65x10 cubic meters per foot of conduit).



If we assume that at the start of the test 10% of this volume is water that
might be liberated during the test, then this implies 5.9 cubic inches (9.65E-5
m®) of water per foot of conduit. :

The density of water is épproximately 1000 kg/m®. The latent heat of
vaporization is 2.26 kJ/g. Hence, this volume of water has the potential to
carry away a total heat load of 218 kJ per foot of conduit.

If this heat loss is spread out evenly over a period of 24 hours, the minimum
duration of a typical ampacity test, then the rate of heat loss would be 2.5
watts per foot of conduit.

In comparison, the SNL baseline case analysis for this case revealed a
baseline cable heating load of about 20 watts per foot (based on the
estimated baseline ampacity of 600 amps). Hence under these conditions the
water loss could be significant (on the order of 12% of the baseline cable
heating load).

This case example is highly speculative and is likely quite conservative for most real
applications. The following factors would tend to reduce the actual impact in practice:

The moisture content at the outset of the test may be much lower than that
speculated here. In the specific case of TVA/WBN a full 30 day or longer
cure period was allowed for all specimens, and hence, the moisture content
of the outer layers was probably on the order of 1% rather than 10%.

Not all of the moisture may actually be liberated during the test. Thermo-
Lag is not very porous and tends to cure from the outside-in. Hence, at the
time of testing an outer “crust” of fully cured material would likely block
moisture passage. The above analysis assumes that elevation of the test
article temperature will sharply increase the cure rate. This may not be at all
realistic, especially given that the typical outer barrier surface temperature
measured in testing is only about 50-55°C as compared to a typical ambient

" cure environment of 30-40°C. Hence, much of the water present at the

outset of the test may remain at the close of the test as well.

The duration of the test may be significantly longer than 24 hours. This
would require that the loss be spread out over a longer time period, and the
net impact of water loss would be reduced.

The assumption that the moisture would be liberated at a uniform rate
throughout the test is not realistic, but rather, is a conservative
approximation. The critical time during the test is the final data logging
period, typically the I-to-3 hour period of final data recording. In reality,
even given that significant moisture might be released, the rate of release is
likely to decrease throughout the test as the test article becomes



progressively drier. The assumption of uniform release rate does not reflect
this.

- A conduit would be a more conservative configuration in this context than
would other potential configurations such as a cable tray or air drop. This is
because (1) the heat intensity of the cables is lower for a conduit than for
other typical applications due to the added heat transfer effects of the conduit
and air gap and (2) the conduit system has a larger external surface area per
unit of heat load than would other typical systems. Hence the combination of
a large surface area (and volume of trowel grade material assumed) with a
low cable heating load would tend to maximize the relative importance of
water loss.

Given these factors, it is anticipated that under most realistic circumstances, the relative
importance of the water loss would be much lower than the above estimate (that is, much
less than 12% of the overall heat load). More specifically, the impact of water loss on the
TVA tests was likely negligible. One key factor in this assessment is the fact that the
TVA/WBN test articles all underwent a full 30 day cure period (or longer). Hence, the
water content of the exterior layers of trowel grade was likely quite low to begin with. If
the same analysis was repeated with an assumption of a 1% water content, then the total
impact would be only about 1% of the total heat load. In the context of the ampacity
derating results, this is a negligible effect.

2.3 Alternate Technical Explanations of Negative ADF Results

2.3.1 Conduits are Unique

It is possible to get a negative derating impact for a conduit test article due to other
factors besides transient dryout. In particular, conduits are unique in comparison to either
cable trays or an open air configuration because the conduit itself represents a thermal
barrier between the cables and the ambient even in the baseline condition. In fact, a
relatively severe ampacity penalty is already imposed in the baseline case due to the
presence of the conduit itself. For the conduit, the addition of a fire barnier system
represents the addition of a second thermal barrier on top of the already present conduit.
Hence, the relative impact on the conduit ampacity limits should be lower than a
comparable installation on a cable tray or air drop. This is expected, and has been
consistently demonstrated in testing.

2.3.2 The Importance of Emissivity

When considering the results of a conduit ampacity derating test, there is one factor that is
especially important. That is the emissivity of the conduit versus that of the fire barrier
system. This factor determines the efficiency of the radiative heat transfer process. The
lower the emissivity, the less heat will be lost through thermal radiation. Conduits will
exhibit a very wide range of emissivity. Handbooks will cite values for galvanized steel as
low as 0.1, and in practice, TVA measured emissivity values ranging from 0.3 to 0.8 for
its own conduits. :



The importance of emissivity was clearly illustrated by certain aspects of the TVA tests.
In particular, the licensee found that when two sections of conduit chosen randomly from
the available stocks were joined to form a test article, the cable response temperatures
were quite different depending on whether the measurement site was in one conduit
section or the other. This effect was explored in some detail, and was finally attributed to
differences in the surface emissivity of the conduits. This seemingly minor difference had
a significant impact on the cable temperatures.

In the current context, conduit emissivity is very important to understanding an accepting
the TVA/WBN test results. For ampacity derating, the primary question being answered it
the relative change in ampacity due to addition of the fire barrier. Hence, the relative
change in the heat transfer behavior is the dominant effect. In the case of the conduits,
one of the most significant changes is the change in surface emissivity of the outer-most
surface of the system, that surface that is ultimately responsible for dumping the excess
heat to the ambient. For the baseline case, the outer-most surface is the conduit. For the
clad case, the fire barrier is the outer-most surface.

In the specific case of the TVA/WBN tests, this change is especially important. This is
because TVA installation procedures requires that the gap between the conduit and the
inside of the fire barrier be filled. This means that the conduit emissivity has essentially no
role in the clad case heat transfer behavior (when a gap remains, the conduit emissivity
does play a minor role in the heat transfer). This has amplified the effect of changes in
outer surface emissivity for the TVA tests. Hence, of all tests reviewed to date, it is most
plausible that the TVA/WBN tests might have appropriately yielded a negative conduit
ADF in some cases.

As noted above, the emissivity of the conduit may range from 0.1 for a very shiny and

clean conduit to 0.8 for a dirty or tamnished conduit. Thermo-Lag is typically assumed to
have an emissivity of about 0.9 because it is a flat (matte) surface. Hence, a change froma_
very low emissivity (0.1) in the baseline case to a very high emissivity (0.9) in the clad

case is possible. This would imply a nine-fold increase in the efficiency of thermal
radiation. For a typical test article, as much as 60-70% of the overall heat loss may be
accounted for by thermal radiation. In the case of a baseline conduit, radiation may only
account for 20-30% of the overall heat transfer. This is a very significant change in the
thermal behavior.

2.3.3 The Net Effect

When Thermo-Lag is installed over a conduit, there are two competing processes
introduced. First is the increased efficiency of thermal radiation as discussed above.
Second is the decreased rate of heat transfer due to the insulating effect of conduction
through the fire barrier. The ultimate ADF will depend on how these two competing
effects balance in the final analysis. It is plausible that under certain circumstances, the
effect of increased thermal radiation more than offsets the effect of increased insulation.
In these cases, a negative ADF could be found.



Past modeling efforts have also illustrated the potential for this affect to be observed.!

The case previously considered by SNL was, in fact, based on the TVA/WBN 1" conduit
test configurations. In these calculations, the baseline case heat load was estimated at
13.6 W/m as compared to a clad case estimated heat load of 15 W/m. This implies a
negative derating factor. The primary difference was the radiative contribution which was
just 2.3 W/m for the baseline, but jumped to 8 W/m in the clad case analysis.

24  Summary and Recommendations

SNL was asked to assess the possibility that the TVA/WBN tests were compromised by
some experimental discrepancies, including the potential issue of transient fire barrier
dryout, and that the negative ADF values obtained for certain conduits might be an artifact
of those discrepancies. No specific elements in the TVA test program, other than the
potential transient dryout issue, were identified by SNL that might call the test results into
question. Indeed, SNL finds that the TVA/WBN tests were performed in an exemplary
manner, and have been very clearly and extensively documented. Calculations did
demonstrate that under conservative conditions, transient dryout could indeed
compromise the integrity of an ampacity test. Hence, it is important that ampacity test
articles be fully cured prior to testing. In this regard, SNL would recommend that all
Thermo-Lag ampacity test articles should adhere to the full 30-day cure period
recommended by the manufacturer. All of the TVA test items in question appear to have
allowed for at least a 30-day cure, and in some cases experienced significantly longer cure
periods.

While it is impossible to state conclusively the no transient dryout took place, given the
long cure periods, SNL concludes that transient dryout was not a significant factor in the

" TVA/WBN tests. Further, an alternate technical explanation for the negative ADF results
was tendered, and calculations show that a negative ADF is legitimately possible. Hence,
SNL recommends that the TVA/WBN tests be accepted.

1See discussion in Appendix III (bottom of page 53) of the SNL letter report “Fire
Barrier System Cable Ampacity Derating; A Review of Experimental and Analytical
Studies,” forwarded under cover S. P. Nowlen, SNL, to R. Jenkins, USNRC/NRR/EELB,
August 25, 1995 (work performed under USNRC JCN J-2018, Task Order 2).
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3.0 BOUNDING OF CONDUIT SIZES
3.1 Introduction

The IEEE P848 test standard states that two sizes of conduit should be tested, 1" and 4".
The standard then states that “Tests conducted using these two sizes shall be considered
representative of all sizes provided that the fire protective system installation methods and
configurations are consistent across the entire size range. Where the installation methods,
configurations, or fit differ according to conduit size the user shall test sizes to bound the
specific application.”> SNL was asked to consider the technical basis for these statements
and to assess their acceptability.

3.2  General Considerations

As noted above, IEEE P848 specifies that 1" and 4" conduits should be tested. In
undertaking this discussion, we must acknowledge that some limited selection of standard
configurations needs to be specified in a standard of this type. It is simply not practical to
require testing of the full range of potential test objects in such a standard test procedure.
Thus, the point to be addressed whether or not the 1" and 4" conduit test results are either
conservative or representative when applied to trade sizes outside the test range.

In this context it is important to note that the standard does not state that 1" and 4"
samples will bound other sizes, but rather, that they will be considered representative of
other sizes provided the barrier is essentially the same. This may appear to be a rather
subtle distinction, but is important. To truly bound the applications, the very largest and
very smallest conduits would have to be tested, or one would have to demonstrate by
some means (testing or analysis) that the chosen standard configurations were, in fact, the
most conservative. In contrast, “representative” simply implies that the results of the tests
would not be severely impacted if a smaller or larger conduit were to be tested.

The following SNL assessment will consider both of these approaches. That is, we will
demonstrate that (1) the 4" conduit test should, in fact, bound the impact for larger
conduits, and (2) only a very modest and insignificant change in ADF should be
anticipated for conduits smaller than the standard 1" sample.

3.3  Thermal Modeling to Assess the Impact of Conduit Size

As a part of past efforts, SNL has implemented a simple thermal model to assess conduit
derating. In an effort to assess the non-standard configuration questions, SNL exercised -
this thermal model to determine whether or not a significant error might be anticipated in
the application of the 1" and 4" test results to conduits of 3/4" and 5" or 6" diameter.

The basic thermal model has been implemented using the commercial software package
MATHCAD. The model incorporates modern and widely accepted heat transfer

?This provision was included in Draft 12 of the standard (that cited by TVA/WBN) and
was retained in the final published version of the standard as well.
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correlations, and is quite simple to use. It has been validated by comparison to both the
standard ampacity tables for the baseline case and by comparison to ampacity derating test
results (this is not the primary point of this discussion, hence, an extensive discussion of
validation will not be undertaken here).

SNL has explored a number of sample cases. The objective was to compare the predicted
results for a 4" conduit to those for a larger conduit, in this case 5" and 6", and to
compare the predictions for a 1" conduit to those for a smaller 3/4" conduit. The results
are illustrated in Tables 3.1 and 3.2 respectively.

For the larger conduits, the results indicate that ADF actually decreases with increasing
conduit size, all factors otherwise remaining fixed. This includes cases where the exact
same cable fill is assumed for each conduit, those cases illustrated in the table, and
additional cases where the cable fill for the larger conduits was increased in order to
maintain approximately the same relative fill. Based on these results, SNL recommends
that the testing of a 4" conduit will, in fact, bound the corresponding ADF impact for a
larger conduit.

In the case of the smaller conduits, the same trend was observed. That is, ADF did tend
to decrease with increasing conduit diameter. However, in this case the changes were
quite small, and would not be considered significant. Hence, while the 1" conduit will not
truly bound the smaller conduits, the level of error will be quite small. Hence, SNL
recommends that tests of a 1" conduit be accepted as representative of the smaller conduit
sizes.

34 Conclusions and Recommendations

The IEEE P848 standard calls for the testing of 1" and 4" conduits and states that the
results will be considered representative of other conduit sizes. SNL recommends that this
test practice be accepted. In particular, SNL recommends that the TVA/WBN tests be -
accepted as representative results applicable to all conduit sizes as specified in the
standard.

10



Table 3.1: Results of thermal model for large conduits, 3"-6" trade size, illustrating that
ADF impact decreases with increasing conduit size.

Configuration information:
cable fill: 3-1/C 750 MCM Cu cables for all cases

fire barrier: 5/8" nominal Thermo-Lag 330-1; cases 1 and 2 assume 1/16" air gap
between conduit and barrier, case 3 assumes no air gap.

conduit emissivity: cases 1 and 3 assume 0.33, case 2 assumes 0.8.

Conduit Diameter: Case 1 ADF Case 2 ADF Case 3 ADF
3" 9.8% 16.6% 1.35%
4" 9.1% 15.8% - 1.40%
5" 8.4% 15.0% 1.30
6" 7.8% 14.3% 1.14%

Table 3.2: Thermal modeling results for small, 1" and 3/4", conduits illustrating that
impact of conduit size is quite minor. All cases assume a nominal 5/8" Thermo-Lag
330-1 fire barrier with a 1/16" air gap and conduit emissivity of 0.33.

Case Cable Load Estimated ADF
Case Study 2: Identical 3/4" with 1-3/C #12 AWG cable 7.76%
cable loads

e 1" with 1-3/C #12 AWG cable 174% |

1 ]

Case Study 1: Roughly 3/4" with 1-3/C #12 AWG cable 7.76%
equivalent cable loads with
same size conductor 1" with 1-4/C #12 AWG cable 6.88%
Case Study 3: Roughly 3/4" with 1-3/C #12 AWG cable 7.76%
equivalent cable loads with
same conductor count 1" with 1-3/C #10 AWG 8.02%

11



40 TESTING OF NON-STANDARD CONFIGURATIONS
41 Introduction

The TVA/WBN tests included the testing of a number of configurations that are not
consistent with the standard configurations of IEEE P-848. SNL was asked to consider
whether or not these tests should be allowed as a basis for ampacity derating assessments.

The discussions which follow are based on Draft 12 of the standard (P848/D12) because
this is the earliest draft cited in the TVA/WBN tests (some of the later tests cite draft 14).
Since completion of the TVA/WBN tests, the standard has been finalized and issued as an
IEEE standard. Where appropriate differences between Draft 12 and the final standard, or
the lack thereof, will be noted.

4.2  The IEEE Standard Configurations

The IEEE standard covers only a limited selection of “standard” test configurations.
These include the following items:

~  Standard Cable Tray: The standard cable tray test article specified in
P848/D12 is comprised of a 24"x4" cable tray. The cable fill is comprised of
96 runs of a 3-conductor, jacketed, 6 AWG, copper conductor cablein a
specific three-layer fill configuration. Instrumentation stations are specified
at the center, and to each side of the center location.?

-  Standard Conduits: P848/D12 specifies that Two sizes of conduit are to be
tested, a 1" and a 4" standard steel conduit. The cable fill specification is
somewhat more flexible and is to comply with NFPA-70. The number of
conductors is specified as 3.

-  Air Drops: P848/D12 specifies that two air drops be tested. These are
comprised of 1-3/C #6 AWG cable and 3-1/C 750 kcmil cables respectively.®

3 This specification is identical to the final published standard.

¢ The three-conductor configuration proved to be a problem due to inductive heating
and has been changed in the final standard. A specific cable fill for each conduit is now
specified to ensure an even number of conductors overall for each test specimen. The
TVA tests were in part responsible for this change, and the final TVA tests effectively
‘avoided the inductive heating problem.

* The final published standard establishes two alternate cable drops. These are
comprised of 1-4/C #10 AWG cable and 12-3/C #6 AWG cables respectively. The change
(1) ensures an even number of conductors and (2) addressed experimental issues
associated with providing an ampacity source sufficient to power the 750 MCM cables.
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; 43  The TVA Non-Standard Configurations

TVA tested a number of non-standard configurations in its test program. These included
the following: '

- Cable Tray Stack: TVA tested a stack of 3 cable trays in 2 common
enclosure. Each tray was individually identical to that specified in the [EEE
P848 standard. In testing, only the top two trays were powered, and the
lowest tray was not (consistent with TVA practice of installing instrument
trays at the bottom of tray stacks).

- 3x1 Conduit Array: TVA tested an array of conduits comprised of 3 conduits
in a single layer (row) protected by a common barrier. The tests included
both tight-fitting boxes and oversize boxes to bound the installation
configurations.

- 3x2 Conduit Array: TVA tested an array of conduits comprised of 6 conduits
in two layers (rows), one above the other, protected by a common barrier.
The tests included both tight-fitting boxes and oversize boxes to bound the
installation configurations.

44  Acceptability of the TVA/WBN Non-Standard Configuration Tests

configurations. However, all other aspects of the tests were conducted consistent with
both the spirit and letter of the IEEE standard. In particular, all instrumentation,
monitoring, reporting, and analysis was conducted fully consistent with the standard. In
fact, TVA has gathered and reported a range of supplemental measurements that go well
beyond the test standard and will likely prove to be an invaluable industry resource in the
future. Further, the TVA tests fully adhered to all of the standard test provisions
regarding the exposure environment and ensuring that steady-state conditions had been
achieved. This is critical to SNL’s assessment.

‘ The TVA/WBN non-standard configuration tests did deviate from the standard test

In effect, TVA simply took a standardized test practice and applied it to some unique
cable installations for which estimates of the ampacity derating impact were required.
Only three potential paths to obtaining those ADF values are possible:

-~ extrapolate from available test data,
-~ perform an analytical calculation, or
~  perform a case-specific test.

Of these three the most accurate and reliable is to perform a case specific test, and this is

exactly what TVA/WBN did. Either of the alternative methods would leave considerable
doubt and uncertainty.
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4.5  Summary and Recommendations

The TVA/WBN tests were performed in an exemplary manner. The test reports are both
complete and informative. No serious unexplained discrepancies were noted. With the
exception of sample configuration, all critical aspects of the test standard and acceptance
criteria were met. For these reasons SNL recommends that the USNRC accept the
TVA/WBN unique configuration tests.

SNL recommends that the IEEE P848 test standard be viewed in a broader context in
future applications as well. While it is true that no test standard can deal with all of the
unique configurations which might be encountered in practice, the standard could include
provisions for the testing of non-standard configurations. That is, the standard could
address unique configurations in a very general context indicating which sections of the
standard would still apply and outlining “best practices.” This would serve as a valuable
guide to future evaluations. It may be appropriate for the USNRC to approach the IEEE
standard committee and request that some provisions be set forth for performing unique
configuration tests.

14
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wherein the staff concludes that no significant safety hazards are introduced with the use of
ampacity test program results for cables enclosed by the subject Thermo-Lag fire barrier
configurations at WBN Unit 1. '

TVA should retain all documentation related to the resolution of the concerns with Thermo-Lag
fire barrier systems for future NRC audits or inspections.

Sincerely,

Original Signed By:

Robert E. Martin, Senior Project Manager
Project Directorate 11-3
Division of Reactor Projects 1/I|
Office of Nuclear Reactor Regulation
Docket No. 50-390
Enclosure: SE Supplement
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

January 6, 1998

Mr. O. J. Zeringue
Chief Nuclear Officer
and Executive Vice President
Tennessee Valley Authority
6A Lookout Place
1101 Market Street
Chattanooga, Tennessee 37402-2801

SUBJECT: COMPLETION OF LICENSING ACTION FOR GENERIC LETTER 92-08,
"THERMO-LAG 330-1 FIRE BARRIERS " AND SUPPLEMENTAL SAFETY
EVALUATION REPORT ON AMPACITY ISSUES RELATED TO THERMO-LAG
FIRE BARRIERS FOR WATTS BAR NUCLEAR PLANT, UNIT 1
(TAC NO. M85622)

Dear Mr. Zeringue:

By letters dated April 16, 1983, March 22, June 15 and December 18, 1995, the Tennessee
Valley Authority (TVA) responded to Generic Letter (GL) 92-08, "Thermo-Lag 330-1 Fire
Barriers," dated December 17, 1992, and follow-up requests for additional information dated
December 23, 1994 in regard to Thermo-Lag 330-1 fire barriers installed at Watts Bar Nuclear
Plant (WBN), Unit 1.

The U.S. Nuclear Regulatory Commission (NRC) staff has reviewed your letters in response to
GL 92-08 and has reviewed the Thermo-Lag issue extensively as part of the WBN licensing
review as discussed in Supplement No. 18 to the WBN Safety Evaluation Report (SER),
NUREG-0847. Your letter of December 18, 1995 responding to GL 92-08 stated that with the
completion of the Thermo-Lag field work and the submittal of the information contained in the
letter, TVA considered GL 92-08 to be complete for WBN Unit 1. However, if plans are
resumed in the future to complete Unit 2, the status of completion of this issue will have to be
addressed in a similar fashion for Unit 2. On the basis of its review, the staff has determined
that you have provided the information and performed the actions requested in GL 92-08 and
the action tracked by TAC No. M85622 for Unit 1 is complete.

In Supplement No. 18 to the WBN SER, NUREG-0847, the staff stated that a review of the
TVA ampacity test program and results would be performed after TVA had submitted its final
test reports. These issues were addressed in the staff's request for additional information dated
August 29, 1996 and TVA's response dated October 24, 1996. The resolution of these
ampacity derating issues is provided in the enclosed Supplemental Safety Evaluation (SE)
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wherein the staff concludes that no significant safety hazards are introduced with the use of
ampacity test program results for cables enclosed by the subject Thermo-Lag fire barrier
configurations at WBN Unit 1.

TVA should retain all documentation related to the resolution of the concerns with Thermo-Lag
fire barrier systems for future NRC audits or inspections. :

Sincerely,
” 7@11-7»
Robert E. Martin, Senior Project Manager
Project Directorate 11-3
Division of Reactor Projects I/1i
Office of Nuclear Reactor Regulation
Docket No. 50-390

Enclosure: SE Supplement

cc w/enclosure: See next page
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

SUPPLEMENTAL SAFETY EVALUATION

FEICE A N
MP, -
TENNESSEE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT, UNIT 1
DOCKET NO. 50-390
1.0 INTRODUCTION

In June 1991, the U.S. Nuclear Regulatory Commission (NRC) established a Special Review
Team (SRT) to review the safety significance and generic applicability of the technical issues
regarding the use of Thermo-Lag materials. One area of concern was the validity of the
ampacity derating parameters previously established for Thermo-Lag fire barriers. The NRC
issued Generic Letter 92-08, "Thermo-Lag 330-1 Fire Barriers,” on December 17, 1992, to
provide further information on staff concerns related to this subject. In light of the concerns
raised by the SRT and the status of construction activities at Watts Bar Nuclear Piant, Unit 1
(WBN 1), Tennessee Valley Authority (TVA), the licensee, initiated a technical program to test
Thermo-Lag 330-1 for intended WBN 1 applications and thereby to demonstrate the
qualification of the material for intended service.

TVA has conducted extensive ampacity derating testing of various Thermo-Lag fire barrier
configurations at its Central Laboratories Services Department (denoted as Phase 1 tests) in
Chattanooga, Tennessee, from March 9 through April 6, 1993; April 30 through May 10, 1993;
and June 1 - 22, 1993; and at Omega Point Laboratories (OPL) (denoted as Phase 2 tests) in
San Antonio, Texas, from August 16 - August 26, 1994; September 14 to October 6, 1994;
November 15 to December 3, 1994; and January 4 - January 23, 1995. TVA's Thermo-Lag
330-1 Phase 1 and 2 tests were submitted to the staff on July 8, 1993, and April 25, 1995,
respectively. A new Thermo-Lag fire barrier material 770-1 for 3-hour rated electrical raceway
application was tested at OPL as part of an upgrade to the basic Thermo-Lag 330-1 barrier
system for a single tray (denoted as Phase 3 tests). The Phase 3 tests were documented in
an OPL report dated June 30, 1995. Lastly, a 3-hour fire barrier system nominally similar to
that of the Phase 3 cable tray was tested for one 1-inch and one 4-inch conduit enclosure
(denoted Phase 4 tests). The Phase 4 tests were documented in an OPL report dated
August 21, 1996.

The licensee ampacity derating test methodology followed the guidance in draft of Institute of
Electrical and Electronics Engineers (IEEE) Standard P848, "Procedure for the Determination
of the Ampacity Derating of Fire Protected Cables," Revisions 11, 12, and 14, dated April 6,
1992; February 24, 1993; and April 15, 1994 respectively, except for changes as identified in
individual test plans. The staff identified concerns as documented in its request for additional
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information (RAI) dated May, 5 1993, before the start of testing. After issuance of the licensee
test report, "Testing to Determine Ampacity Derating Factors for Fire Protected Cables for
Watts Bar Nuclear Plant” (Phase 1 Tests), with the licensee’s submittal of July 9, 1993, the
staff also identified concerns as documented in its RAI provided during a meeting between
licensee representatives and the NRC staff on October 13, 1993. In addition, a meeting was
also held between licensee representatives and the NRC staff on August 30, 1994. The
licensee submitted responses to the staff's questions regarding WBN Unit 1 by letters dated
June 30, 1993; November 26, 1993: and December 23, 1994,

After completion of the interim evaluation on Phase 1 and 2 tests, the staff stated that a final
review of the licensee’s ampacity test program and results could be completed after the
licensee had submitted its final test reports. The licensee submitted the test reports for

Phase 3 and 4 tests for the staff's review on September 14, 1995. The licensee responded to
the staff's questions on the test program results as documented in the staff's RAl of August 29,
1996, by letter dated October 24, 1996.

The staff's evaluation of the final ampacity derating test program results for WBN Unit 1
follows.

2.0 EVALUATION

After reviewing the licensee's submittals and the Sandia National Laboratories (SNL) technical
letter reports (see Attachments 1 and 3) and technical evaluation report (Attachment 2), the
staff agrees with SNL's analyses and conclusions. Attachment 2 gives details of SNL’s input
on the test review questions. Attachment 3 provides additional SNL input on Question 3 and
Open Item A.3. The ampacity test review questions, the licensee responses, and the staff's
evaluation of the responses and open items follows.

Ampacity Test Review
® Question 1

For Test ltem 7.1 (single 24-inch X 4-inch tray with solid sheet 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.

Licensee’s Response

In its submittal of October 24, 1996, the licensee provided explicit descriptions
documenting where and when the referenced tray covers were installed in the
applicable test specimens. In all of the baseline ampacity tests, the licensee stated that
tray covers were not installed during the conduct of these tests. '



Staff's Evaluation

The clarification by the licensee fully resolves the staff's concerns.
Question 2

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 @ common 5/8-inch 330-1 fire barrier enclosure). Furthermore, there was no
indication of barrier moisture level measurements after the subject test. The licensee
should provide an assessment of the impact of apparent shortened cure time on the test

_ results for Test ltem 7.3.

icensee’

In its submittal of October 24, 1996, the licensee clarified the time line associated with
Test Item 7.3. The licensee stated that after the initial completion of the barrier
construction, it found it necessary to remove the bottom from the barrier and reinstall
the bottom panel using some additional panel material, stress skin, and skin coating by
trowel-grade material. The licensee’s timeline indicates that even with the
reconstruction of the bottom of the barrier for the subject test article; a minimum cure
time of 27 days was achieved for the entire article however, the bulk of the test article
was cured for the required 30-day period. The licensee contends that the failure to
strictly adhere to the 30- day cure time period would not affect the test results because
(1) a significant portion of the cure time was achieved and (2) only a small fraction of
the test article surface area was affected by the subject test deficiency.

Staff's Evaluation

The information provided by the licensee addresses the staff's concerns, which are
considered resolved.

Question 3

The licensee test procedures specified the testing of two different test articles
simultaneously in the same test enclosure. This practice, while not specifically
prohibited 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 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 only with the ambient surroundings. Hence, the
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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 ltem 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.

Licensee's Response

In its submittal of October 24, 1996, the licensee responded as follows:

The simultaneous testing of more than one specimen is implied by Figure 4-4 of the
draft of IEEE P-848 used by the TVA test program (IEEE P-848 has since been
approved by the IEEE Standards Board). Figure 4-4 shows a tray and a conduit within
a common test chamber and specifies a minimum lateral separation of 36 inches. The
staff expressed a 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 its concern. The thermocouple data in Appendix D to
the subject report (See Table below) shows that after cladding, the cables in the “left-
most” conduit in Assembly 7.4 experienced the hottest average maximum temperatures
(left - 80.42 °C; center - 85.13° C; right - 86.04 °C). The staff hypothesized that this
condition was the result of the heat contribution from the adjacent tray.

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 establish that the side-to-side delta T of
Assembly 7.4 was much lower than the difference between the center and left
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conduits mentioned above (0.2 °C versus 5.29 °C). The fact that the side of the
Electrical Raceway Fire Barrier Systems (ERFBS) enclosure that faced the “cold”
wall of the test chamber is at almost the same temperature as the side facing
Assembly 7.1 further confirms that the differential was not externally generated.

TABLE 1

| Average Data During the Final 60 Minutes of the Ampacity Test
All temperatures in Degrees C

POSITION ASSEMBLY 7.1 _ ASSEMBLY 7.4
“Left” Side 46.6 455
“Right” Side 46.8 453

e

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

Staff's Evaluation

The information provided by the licensee addresses the staff's concerns, which are
considered resolved.

Question 4

Given the completion of the ampacity derating tests (Phases L1, 1) 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., 4 kV, 480 V)
enclosed by the Thermo-Lag fire barrier material at the Watts Bar Nuclear Piant.

Licensee's Response

In its submittal of October 24, 1986, the licensee stated that upon completion of the
ampacity test program, its Corporate.Engineering organization evaluated the results and
established conservative ampacity correction factors for the various Thermo-Lag fire
barrier enclosed electrical raceway configurations.

Staff's Evaluation

Although the licensee's response did not provide the minimum excess ampacity
margins requested, this information is available for onsite review. The confirmation that
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the ampacity derating margins are adequate and sufficient for each fire barrier resolves
the staff's concerns.

ngn |1§m§
ltem A1

This item involves the completion of the Phase il ampacity derating tests for the
Thermo-Lag 770-1 fire barriers to be installed at WBN Unit 1. The licensee should
confirm in writing that the existing ampacity design margins are adequate and sufficient
for each installed fire barrier configuration.

taff's Evaluati

The licensee’s response to Question 4 above resolves Open Item A 1.
ltem A2

This item pertains to the Phase | and Il ampacity derating tests for the Thermo-Lag
330 -1 and 330-660 fire barriers to be installed at WBN, Unit 1. The licensee should
confirm in writing that the existing ampacity design margins are adequate and sufficient
for each installed fire barrier configuration.

Staff's Evaluation

The licensee’s res'ponse to Question 4 above resolves Open item A.2.

tem A.3

This item pertains to the question whether ampacity test results using IEEE Standard
P848 will bound nominally different conduit sizes. The licensee did not test the 3/4-inch
and 5-inch conduit fire barrier configuration which are installed at WBN Unit 1.

Staff's Evaluation

The staff has examined the industry ampacity test data provided by Texas Utilities
Electric Company and Florida Power Corporation in conjunction with the licensee’s test
results. Although the 3/4-inch and 5-inch conduits were not specifically tested by the
licensee, the increase in heat dissipation evident in some negative ampacity test results
indicates that there would not be significant variation or spread in ampacity derating
values because of conduit size only. Given the fact that additional margin is included in
the final ampacity correction factor (ACF) values in excess of the test results, the
ampacity derating values selected should not be a significant safety hazard at WBN
Unit 1 on the basis of conduit size. Therefore, this issue is considered resolved with
respect to the review of the licensee ampacity derating test program.
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3.0 CONCLUSION

From the above evaluation, the staff concludes that no significant safety hazards are
introduced with the use of ampacity test program results for cables enclosed by the subject
Thermo-Lag fire barrier configurations at WBN Unit 1.

Attachments: As stated (3)

Principal Contributor; R. Jenkins

Dated: January 6, 1998
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FORWARD

The United States Nuclear Regulatory Commission (USNRC) has solicited the support of
Sandia Nationa! Laboratories (SNL) in the review of licensee submittals associated with
fire protection and electrical engineering. This letter report represents the second, and
likely the final, report in a series of review reports associated with a set of submittals from
the Watts Bar Nuclear Plant (WBN). These submittals deal with the assessment of
ampacity loads for cable trays and conduits protected by Thermo-Lag 330-1 fire barriers,
and in particular, with tests performed by Tennessee Valley Authority (TVA) to assess
ampacity derating factors for certain "special configurations” of the fire barriers at WBN.
An initial review report was prepared by SNL on April 5, 1996, and as a result the
USNRC sent a RAI to the licensee on August 29, 1996 requesting clarification of four
items. This report documents the results of a SNL review of the licensee response to this
RAIL The documents were originally submitted by the licensee in response to USNRC

Generic Letter 92-08. This work was performed as Task Order 2, Subtask 1 of USNRC
JCN J2503.
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1.0 INTRODUCTION
1.1  Objective

In response to USNRC Generic Letter 92-08, the Tennessee Valley Authority (TVA)
Watts Bar Nuclear Plant (WBN) provided documentation of the licensee position
regarding ampacity derating factors associated with its installed Thermo-Lag 330-1 fire
barrier systems. In particular, the licensee cited that it would rely on test results both from
other industry sources and from TVA/WBN specific tests. SNL was asked to review the
following TVA/WBN test reports:

- Central Laboratories Services Report 93-0501, Testing 10 Determine
Ampacity Derating Factors for Fire Protected Cables for Watts Bar Nuclear
Plant, Revision 0, July 6, 1993, submitted for USNRC review July 9, 1993. (This
report and the tests documented therein will be subsequently referred to in this
review as the "Phase 1 report" and the "Phase 1 tests" respectively.)

- Omega Point Laboratories Report 11960-97332,97334-6,97768-70,
Ampacity Derating of Cables Enclosed in One-Hour Electrical Raceway Fire
Barrier Systems (ERFBS), March 28, 1995, submitted for USNRC review April
25, 1995. (This report and the tests documented therein will be subsequently
referred to in this review as the "Phase 2 report” and the "Phase 2 tests"
respectively.)

- Omega Point Laboratories Report 11960-97333, Ampacity Derating of
Cables Enclosed in Cable Tray with Thermo-Lag® 330-1/770-1 Upgrade
Electrical Raceway Fire Barrier Systems (ERFBS), June 30, 1995, submitted for
USNRC review September 14, 1995. (This report and the tests documented
therein will be subsequently referred to in this review as the "Phase 3 report” and
the "Phase 3 tests” respectively.)

- Omega Point Laboratories Report 11960-97337 & 97338, Ampacity
Derating of Cables Enclosed in Conduits with Thermo-Lag® 330-1/770-1
Upgrade Electrical Raceway Fire Barrier Systems (ERFBS), August 21, 1995,
submitted for USNRC review September 14, 1995. (This report and the tests
documented therein will be subsequently referred to in this review as the "Phase 4
report” and the "Phase 4 tests” respectively.)

A report documenting the initial results of that review was completed on April 5, 1996.
SNL recommended that the USNRC ask for additional clarification to resolve three minor
points of uncertainty regarding those tests. The USNRC forwarded to the licensee a RAI
including the three items raised by SNL and one additional item raised directly by the
USNRC. The objective of the current review was to assess the adequacy of the licensee
response to this RAL

The licensee response reviewed by SNL was presented in the form of a letter to the
USNRC Document Control Desk as follows:



- Letter, J. A. Scalice, TVA/WBN, to the USNRC Document Control Desk,
Oct. 24, 1996 with one enclosure entitled “Watts Bar Nuclear Plant Unit 1
Request for Additional Information Thermo-Lag Related Ampacity Derating
Factors”. :

SNL was requested to review this submittal under the terms of the general technical
support contract JCN J-2503, Task Order 2, Subtask 1. This letter report documents the
results of SNL’s review.

1.2 Overview of the Licensee Ampacity Derating Approach

The consideration of ampacity derating factors for fire barriers at WBN is based on a
primarily experimental approach to the problem. That is, TVA and WBN have now
performed a series of ampacity derating experiments to assess both generic configurations
for cable trays and conduits, and certain unique configurations involving multiple trays or
conduits housed within a single fire barrier enclosure. These experiments, in combination
with other results available from other industry sources, have determined the ampacity
derating factors (ADF) associated with each installation at WBN. '

Ouce dotermined experimentally, these ADFs are then applied to tabulated cable ampacity
lisnits to determine the maximum allowable current for the various cables installed at
WBN. Actual in-plant current loads are compared to these limits to determine the
acceptability of the ampacity values. SNL has not reviewed the results of this final
application step because the related documents were not provided. -The licensee does cite
in its response that these documents are available on-site for NRC review.

1.3 Organization of Report

This review has focused on a technical review of the licensee RAI response. Section 2 of
this report provides a brief summary of the initial SNL review findings as documented in
the April 5, 1996 letter report. Section 3 provides a point by point review of the licensee
responses to the four RAI questions from the USNRC letter of August 29, 1996. Section
4 summarizes the SNL findings and recommendations.

1.4 Summary of Recommendations
Based on the results of this review, no further actions are recommended at this time, It is

recommended that the USNRC accept these test results as an adequate demonstration of
ampacity derating factors for the tested configurations. '



20 SUMMARY OF PREVIOUS REVIEW FINDINGS
2.1 Overview

In March and April of 1996, SNL reviewed a set of test reports submitted by TVA/WNB
to support its assessment of fire barrier ampacity derating factors both for generic
configurations and for certain “special configurations” (see Section 1.1 above for a list of
the subject reports). A report documenting the results of this review was issued by SNL
on April 5, 1996. The objective of this chapter is to briefly summarize the scope and
findings of that earlier review. This information derives directly from the 4/5/96 report.
Retention of this information here is considered important to establish a perspective from
which the RAI responses can be viewed in context.

The TVA/WBN tests were performed at either Central Laboratory Services (CLS) (the
Phase 1 tests) or Omega Point Laboratory (OPL) (the Phase 2-4 tests). In brief, the
various test phases can be characterized as follows:

- The Phase 1 tests covered generic testing of single conduit configurations
associated with pre-formed conduit section of the Thermo-Lag 330-1 material in a
1-hour configuration.

- The Phase 2 tests include tests of cable trays and conduits in both a generic
single item configuration and in certain unique configurations.

- The Phase 3 tests evaluated a single cable tray with a three-hour fire barrier
system comprised of a basic Thermo-Lag 330-1 barrier system supplemented by a
Thermo-Lag 770-1 upgrade.

- The Phase 4 tests evaluated one 1" and one 4" steel conduit enclosed in a 3-hour
fire barrier system nominally similar to that of the Phase 3 cable tray.

It is important to note that the TVA/WBN tests included both standard ampacity derating
tests of simple barriers systems (a single tray or single conduit) and tests of multiple trays
or multiple conduits in a common fire barrier. The test procedure generally followed the
guidance provided in the IEEE P848 draft standard, “Procedure for the Determination of
the Ampacity Derating of Fire Protected Cables™ (Draft 12 of the standard is cited in the
Phase 1 CLS report, and Draft 14 is cited in the Phase 2 and 3 test reports from OPL).
However, because some of the tests involve multiple trays or multiple conduits in a single
enclosure, and because the P848 standard does not explicitly address such configurations,
TVA/WBN went beyond this procedure in the performance of its tests. Even in these
special configuration tests, SNL found that TVA/WBN had adhered to the "spirit and
intent" of the P848 standard. No specific concerns related to TVA's extension of the P848
methods to its special configuration tests were noted.



2.2 Physical Description of TVA/WBN Test Items

Tables 2.1 and 2.2 describe the physical configurations evaluated by TVA/WBN in Phase
1 and in Phases 2-4 of its test program, respectively. The test item identifications used
here are the same as those used in the original TVA/WBN test reports. For the Phase 2-4
tests, Test Items 7.1, 7.2, 7.6a, 7.6b, 7.7a and 7.7b correspond to generic or standard
configurations in that they involve a single cable tray or conduit consistent with the IEEE
P848 test protocol. Test Items 7.3, 7.4, 7.5 and 7.8 represent the special configuration
test articles in that each consists of multiple trays or multiple conduits enclosed in a
common fire barrier system.

Table 2.1: Description of the TVA/WBN Phase 1 Test Items

Test Item | Description

93-0501-1 | 4" conduit with 5/8" base layer

93-0501-2 | 4" conduit with 5/8" base layer plus 3/8" upgrade layer

| 93-0501-3 | 4" conduit with 3/8" base layer plus 3/8" upgrade layer

93-0501-4 | 4" conduit with no ban'ier.installed, 3-piece conduit section
93-0501-5 | 1" conduit with 5/8" base layer

93-0501-6 | 1" conduit with 5/8" base layer plus 3/8" upgrade layer

93-0501-7 | 1" conduit with 3/8" base layer plus 3/8" upgrade layer

93-0501-8 | 1" conduit with no barrier insialled, 3-piece conduit section

93-0501-9 | 4" conduit with no barrier, 2-piece section

93-0501-10 | 1" conduit with no barrier, 2-piece section

2.3  Barrier Installations
2.3.1 Phase 1 Bamrier Installiations

In the Phase 1 tests, three different fire barrier configurations were tested (as noted in
Table 2.1 above). All of the barriers were constructed using pre-formed conduit sections
of the Thermo-Lag 300-1 material. The three installations tested were (1) a basic 5/8" fire
barrier system, (2) a 5/8" base layer plus a 3/8" upgrade layer, and (3) a 3/8" base layer
with a 3/8" upgrade layer. ’ | | o L

It is also critical to note that the installation procedures utilized by TVA/WBN in the
installation of the pre-formed conduit sections include a unique practice in that each
barrier section is fully "pre-buttered" along the length of the section on the inner surface of
the panel. The result of this procedure is to completely fill, with trowel grade material, the
gap between the inner barrier surface and the outer conduit surface, and the gap between
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the inner and outer barrier layers for those installations involving a second barrier layer.
This is a unique installation procedure which could significantly impact the ampacity
derating results. In particular, if this full surface pre-buttering procedure is not applied,
then an air gap could exist between the conduit and the inner surface of the fire barrier,
and possibly between barrier layers as well. In this case, a more severe ampacity derating
impact would be expected. This condition should be carefully noted, in particular, if the
results are to be applied to other plants and other utilities.

e —=——

Test Item

Table 2 2: Descn tnon of Phase 2-4 Test Items Items

Single 24” 4” tray with solid * tray with solid sheet steel top cover and top cover and 5/8” (nominal)
330-1 fire barrier.

12

Same cable tray as item 7.1, barrier made up of 1-1/4" base installation of
330-1 plus an upgrade layer of 3/8" thick 770-1 matting, no steel tray
cover installed. (This test item is the only Phase 3 test item.)

73

Three stacked 24” x 4” trays, spaced on 12" centers, in a common 5/8” "
330-1 fire barrier enclosure. Power applied only to top two trays

7.4

common rectangular 5/8” 330-1 fire barrier. Conduit-to-conduit gap of

Three 1” diameter steel conduits in a horizontal row surrounded by a u
approximately 1/2 diameter. All conduits powered.

7.5

each in a small common rectangular 330-1 fire barrier enclosure, 5/8"

Six 17 diameter steel conduits arranged in a two rows of three conduits u
thick. conduit-to-conduit gap 1/2 diameter. All conduits powered.

7.6a

Single 1" diameter steel conduit, barrier made up of 1-1/4" base
installation of 330-1 pre-formed conduit sections plus an upgrade layer of
3/8" thick 770-1 matting (this test item is the first of two Phase 4 test
items).

7.6b

Single 4" diameter steel conduit, barrier as per item 7.6a (this is the
second of two Phase 4 test items).

7.7a

Single 1” diameter steel conduit in a small square 330-1 fire barrier
enclosure, 5/8” thick, 4 3/4” on a side, supported by Unistrut frame.

1.7Tb

Single 17 diameter steel conduit in a large square 330-1 fire barrier
enclosure, 5/8” thick, 30” on a side, supported by Unistrut frame.

1178

Six 1” diameter steel conduits, in a large square fire 330-1 barrier
enclosure, 5/8” thick, 30” on a side, supported by Unistrut frame

QE

2.3.2 Phase 2 Barrier Installations

The fire barriers for all of the test items in the Phase 2 tests were constructed out of
nominal 5/8” Thermo-Lag 330-1 flat panels. For the conduits, this is the most significant
difference between the Phase 1 and Phase 2 tests. That is, in the Phase 1 tests the
conduits were protected using preformed conduit sections of Thermo-Lag 330-1. In the
Phase 2 tests, all of the conduits were protected using flat panels to form a “boxed”

configuration.



Foritems 7.1, 7.3, 7.4, and 7.5 (a single tray, three stacked trays, a single 1" conduit, and
a group of six conduits respectively), the fire barriers were constructed so as to form a
minimal volume. That is, the construction of the barrier followed standard installation
procedures in which the flat barrier panels are secured directly to the cable tray(s) or
conduit(s) with only the minimum required clearances needed to secure and support the
panels. For items 7.7a and 7.7b (single conduit tests), and items 7.4, 7.5 and 7.8 (multiple
conduit arrays), the Thermo-Lag 330-1 barrier was built using a somewhat unique
construction approach. Flat panel sections were used to build a rectangular box of a
predetermined overall size that was significantly larger than the nominal size of the test
item itself. To do this, the flat panels were supported on a fixed Unistrut frame
surrounding the conduits. These boxes varied in size from test article to test article (as
described in Table 2.2 above). As will be noted below, this did impact the results of the
‘testing.

It should also be noted that the TVA/WBN Phase 2 test of the single cable tray, test item
7.1, included the installation of a solid steel cover plate on top of the tray prior to
installation of the fire barrier (the cover was ot in place during the base line test of this
test article). Use of a solid cover plus a fire barrier would not be considered typical
practice, and the presence of the cover could significantly impact the ampacity derating
results. In effect, the steel tray cover represents an additional layer of thermal materjal
between the trays and the environment. Hence, the ampacity derating associated with this
system would be expected to be somewhat more severe than that for a barrier without the
tray cover. As discussed further below, this expectation proved to be true (see discussion
comparing TVA and TUE test results). : ’

In the case of the Phase 2 experiments, after the ampacity derating tests were completed,
- 'the actual installed thickness of the Thermo-Lag 330-1 panels was measured in different
locations for the various fire barrier systems. The actual installed thickness ranged from
0.82 to 1.78 inches. This variation was attributed to attempts to achieve a smooth final
surface for the fire barrier through the application of additional trowel grade Thermo-Lag
330-1 material. In the context of ampacity derating, a thicker barrier than that minimally
required would be a more conservative configuration.

2.3.3 Phase 3 Barrier Installations

The Phase 3 barrier installation was significantly different that those of either Phases 1 or
2. In this case a 1-1/4" base layer of Thermo-Lag 330-1 panel was installed, with an
additional upgrade overlay of 770-1 Thermo-Lag matting material. Two layers of the
770-1 matting material were installed. This barrier system was identified as a 3-hour
barrier as compared to the 1-hour barrier evaluated in the Phase 1 and 2 tests.

Destructive evaluation of the barrier thickness after the completion of testing revealed
general material overall thicknesses in the range of 2.56" t0 3.31". In locations on the
bottom of the specimen, gaps had formed between the base 330-1 panels and the 770-1
overlay (due to physical sagging of the matting during installation and curing). In these
areas, overall thicknesses including the air gaps were as high as 5.19".



While it is not explicitly stated it is apparent from the photographs of the barrier
installation process that the steel cable tray cover plate installed in the case of test item 7.1
was not installed in the case of item 7.2. This is an important difference which should be
considered in any comparison of the two tests or in any subsequent applications of the test
results to other trays.

2.3.4 Phase 4 Barrier Installations

The Phase 4 conduit installations were essentially identical to those of the Phase 3 cable
tray installation. That is, the barrier consisted of a 1-1/4" 330-1 base layer plus an overlay
of the 3/8" 770-1 matting. Two layers of the upgrade matting material were installed.

The 330-1 layer was formed using pre-formed conduit sections of the material. The 770-1
is a flexible matting material and is simply wrapped around the item to form the desired
shape. '

In this case it is also important to note that the conduit sections were "dry fit to the
conduit and secured with stainless steel bands ... The joints and seams were then post-
buttered with Thermo-Lag 330-1 Trowel Grade material." This practice is important
because it means that for these installations, a natural gap was allowed to form between
the conduit outer surface and the fire barrier inner surface. No attempts to fill this gap
were apparently made. In terms of ampacity derating, this is the most conservative
configuration. That is, the ADF with the gap should be greater than the ADF if the gap
were filled. This is in apparently marked contrast to the barrier installations of Phase 1.

Destructive evaluations of the fire barrier thickness were performed after the completion
of testing. For item 7.6a, the 1" conduit, thicknesses ranged from 2.76" t0 2.84". For
item 7.6b, the 4" conduit, thickness was consistently found to be approximately 2.6".

24  Review of Test results and Applications

241 Overview

The TVA/WBN tests provided numerous results which are of significant interest both to
TVA/WBN and potentially to other utilities. The TVA/WBN test results also provide a
wealth of information of significant potential interest to the development and validation of
computer models of the heat transfer processes associated with the problem of ampacity
derating.

This section of the report first summarizes the test results as presented by TVA/WBN in
its test reports. The discussion then considers certain aspects of the test data which
highlight significant and interesting behaviors which can be derived from the TVA/WBN
test results. These insights have been discussed in detail in the April 5, 1996 SNL Letter
Report, and are merely summarized here.



242 Results for Phase 1 Conduit Configurations

The Phase | conduit tests resulted in a complex set of test results which are can be
difficult to interpret. This resulted from certain unexpe:cted behaviors noted by TVA in
the performance of its tests. In fact, much of the testir:g performed by TVA/WBN in
Phase 1 was specifically aimed at resolving the discrepancies which were noted early in the
test program. Two behaviors were noted in these tests that contributed to uncertainty in
the test results: :

- Many of the TVA/WBN test articles were to be tested using an odd number of
conductors in the conduit. This led to unbalanced electrical loads passing through

the conduits and in the direct inductive heating of the conduit itself. Much ofthe =

TVA/WBN testing was performed in an attempt to understand and eliminate this
behavior from the tests. |

- In certain of the TVA/WBN baseline conduit tests, it was noted that the hot-spot
in the cable mass was not occurring at the center of the conduit section as

expected, but rather, at one of the two "side” measurement locations. TVA/WBN
went to considerable lengths to address this condition. TVA/WBN's final

resolution of the issue was to re-construct the conduit sections using one 10"
section in the center and 2 - 5' sections (cut from a single 10" section), one place on
each end of the center section.

In addition, there was one aspect of the TVA/WBN Phase 1 tests which introduces
- additional uncertainty into the test results, and which complicates the final assessment of
the test data: '

- In the TVA/WBN Phase 1 tests, different physical conduit sections were used in
the baseline and clad tests. :

Overall, the TVA/WBN efforts to understand and address these unexpected behaviors are

considered both appropriate and fully responsive to the situation. The final analysis of test
results is somewhat confused by this situation, but the final results of the TVA tests should
not be considered to have been fundamentally compromised by this situation.

The final results of the TVA/WBN tests are summarized in Table 2.3. Note that for these
tests the derating impact is presented in terms of the Ampacity Correction Factor (ACF)
rather than the Ampacity Derating Factor (ADF). The relationship between ACF and
ADF is simply: -

ADF = 1.0 - ACF

In presenting the results no attempt has been made to provide all of the various ampacity
measurements made by TVA/WBN, nor to assess which of the results are "most correct”
for a given conduit. Rather for each physical system a range of ACF values is reported.
TVA/WBN has indicated (in public meetings with the USNRC) that it intends to use the
most conservative of the test results as applicable to a given situation.



e —

Table 2.3: Summary of TVA/WBN Phase 1 Test Results

Conduit | Test Item | Barrier Description ACF
Size
93-0501-1 | 5/8" 330-1 preformed conduit sections 1.018-1.073
| -
4" 93-0501-2 | 5/8" 330-1 preformed conduit sections with 0.975-1.041
3/8" upgrade overlay |
93-0501-3 | 3/8" 330-1 preformed conduit sections with | 0.918-1.031 ll
3/8" upgrade overlay
93-0501-5 | 5/8" 330-1 preformed conduit sections 0.965-1.027 H
1" 1 93-0501-6 | 5/8" 330-1 preformed conduit sections with | 0.956-1.002 H
3/8" upgrade overlay
93-0501-7 | 3/8" 330-1 preformed conduit sections with 0.969-1.016 ﬂ
|| 3/8" upgrade overlay

Note: test results include the full range of cable loading and powering schemes
evaluated by TVA/WBN, including those with known inductive heating effects.

2.4.3 Results for Phase 2-4 Conduit and Cable Tray Configurations

Table 2.4 provides a simplified summary of the test configurations and derived ampacity
derating factors (ADF). The TVA/WBN derived ADF values for the conduits ranged
from a low of 6% for the single conduit in a large box (item 7.7b) to a high of 26% for the
group of six conduits in 2 small common enclosure (item 7.5). The differences noted by
TVA/WBN are pronounced. Some of the insights which are directly apparent from the
TVA/WBN results include:

Boxed Enclosure versus Preformed Conduit Sections The boxed enclosure
derating factors are significantly larger than the derating factors found in the Phase -
1 tests for conduits enclosed in barriers made up of pre-formed panels.

Effects of Boxed Enclosure Size: For the two conduit configurations tested using
both a "small" and "large" enclosure, the smaller enclosure had a higher derating
factor than that of the larger enclosure.

2.5  Supplemental Insights Gained from the TVA/WBN Test Results

Certain insights may be gained from the TVA/WBN test results which will not necessarily
directly impact the review or final assessments of the TVA/WBN test results. Again, a
range of such insights has been discussed in detail in the April 5, 1996 SNL letter report,
but that discussion is far from exhaustive. There are many additional insights which could
be gained from a more thorough examination of the test data.



Table 2.4: Ampacity derating results for TVA/WBN Phase 2-4 Tests
Test |Description Bamer Description: All barriers made from | ADF (%)
Item 5/8" (nominal) Thermo-Lag 330-1 flat
panels, plus trowel grade except where noted
L otherwise.
711~ P848 tray, |Steel tray cover plate installed, then enclosed
24"x4" in rectangular box with panels in contact 40
with cable tray and top cover.
7.2 |1 - P848 tray, |3-hour fire barrier system of 1-1/4" 330-1 43
24"x4" with two layers of 3/8" 770-1 as upgrade
7.3.13.P848 trays, |Housed in a common rectangular enclosure,
top 2 powered |panels applied in contact with cable trays, no 36
» steel covers on any of the 3 trays.
7.4 |13 Conduits, 1", |Conduits in a horizontal row, surrounded by
all powered a common enclosure, conduit-to-conduit 8
spacing of approximately 1/2-diameter,
anels applied directly to conduits.
7.5 16 Conduits, 1", [Conduits arranged in a two rows of three
all powered conduits each, common rectangular fire 26
barrier enclosure, conduit-to-conduit gap 1/2
: _ diameter, panels applied directly to conduits.
7.6a|1 Conduit, 1" |Similar to item 7.2, 330-1 used in 1-1/4" 10
: reformed conduit sections.
7.6b[1 Conduit, 4" {Same as 7.6a 13
7.7a {1 Conduit, 1" |Conduit in a small square fire barrier
- |enclosure, 4 3/4” on a side (inside dimension 12
of panels), panels supported by Unistrut
i frame.
7.7b{1 Conduit, 1" {Conduit in a large square fire barrier
enclosure, 30” on a side (inside dimension of 6
panels), panels supported by Unistrut frame.
7.8 |6 Conduits, 1", [Same conduit array as in 7.5, in a single large
all powered  |square fire barrier enclosure, 30” on a side - 9
: (inside dimension of panels), panels
supported by Unistrut frame.

Such supplemental insights can be obtained, for example, by comparing the TVA/WBN
results to other tests, by comparing the results for one test item from the TVA/WBN tests
to another in somewhat unconventional ways, and by comparing the TVA/WBN ampacity
measurements to the standard ampacity tables. The TVA/WBN tests provide a wealth of
new and valuable insights which are considered worth noting here. Areas in which
additional insights were documented in SNLs initial review include:
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- A comparison was made between the TVA/WBN cable tray results to those of
Texas Utilities in a similar test from 1993.! These comparisons illustrated the
‘ importance of the solid steel tray cover used by TVA to the test results.

- The effects of stacking cable trays on ampacity were also evaluated and the TVA
test results were compared to the ICEA ampacity tables. These comparisons
highlighted certain potential shortcomings in the ICEA tables and recommended
practice for stacked cable trays.

- The effects of grouped conduit ampacity limits were also reviewed and the TVA
test results were compared to the ICEA ampacity tables. While these comparisons
were somewhat incomplete, a potential weakness in the ICEA tables for grouped
conduits was identified.

. 'The TU tests are documented in an OPL report 12340-94583,95165-95168,95246
‘ which has been submitted by TU to the USNRC for review. This test report was reviewed
by SNL under Task Order 1 of this JCN (J2017).

11



3.0 AN ASSESSMENT OF THE SPECIFIC LICENSEE RAI RESPONSES

The USNRC RAT of August 29, 1996 raised four specific questions. The licensee
. Tesponse to each of these questions is assessed in this chapter.

3.1  RAIItem 1: Steel Tray Covers
3.1.1 Summary of Concern

It remained somewhat unclear exactly when in the testing process solid tray covers had
been installed. In particular, for test items 7.1 and 7.2 it was considered appropriate to
ensure that the base line tests had been conducted without the tray covers in place. The
licensee was asked to clarify this uncertainty.

3.1.2 Summary of Licensee Response

The licensee response has provided explicit descriptions documenting where and when the
tray covers were installed. The response also makes clear that the base line tests were
conducted without tray covers installed, as is appropriate.

2.1.3 Assessment of Licensee Response Adequacy

The licensee response to this RAI item was fully adequate to resolve the question. The
licensee response had clarified the uncertainties identified in the RAL The tests all appear
to have been performed in a prudent manner consistent with the intent of the test
standards. No further actions on this item are recommended.

3.2  RAIItem 2: Cure Time
3.2.1 Summary of Concern

It was noted that for one of the licensee test items, Item 7.3 the stacked cable tray array,
the nominal 30 day cure time had not been fully achieved. This presented a potential
concern that excessive moisture loss from uncured material may have impacted the test
results.

3.2.2 Summary of Licensee Response

The licensee response has clarified the time line associated with this test article. It noted
that afier initial completion, it was deemed necessary to remove the bottom from the
barrier, and to then subsequently reinstall the bottom panel using some additional panel
material, stress skin, and skin coating by trowel grade material. The licensee time line
ciearly indicates that even with this reconstruction, a minimum cure time of 25 days was
allowed, and that most of the test article cured somewhat longer. The licensee went on to
provide its reasoning for why this would not have impacted the test results, primarily
because a significant cure time was allowed, and only a small fraction of the test article -
surface area was impacted.

12



3.23 Assessment of Licensee Response Adequacy

The licensee response to this RAT item was fully adequate to resolve the question. In
particular, SNL agrees with the licensee arguments in this regard. Of particular
importance is the licensee observation that the effected surface area was minimal, and the
allowed cure time was only nominally below the recommended 30 days. Based on the
licensee description, SNL also notes that most of the trowel grade material applied during
the rework efforts was applied to the outside of the test article, and hence, a rapid cure
would be expected (if the rework had involved extensive applications of trowel grade to
the inside surfaces of the barrier, then a more significant concern might remain. The
impact of the shortened cure time for the reworked section on the TVA test results would
have been negligible. No further actions on this item are recommended.

33 RAlltem3: Simultaneous"l‘esting
3.3.1 Summary of Concern

A potential concern had been identified in that TVA had tested more than one test article
at a time during at least some of its tests. The licensee’s documentation had not provided
explicit descriptions of the test article arrangements, and hence, a potential existed that
mutual heating effects between the test articles might have influenced the tests. One
specific case was cited in which such effects may have caused asymmetric heating. The
licensee was asked to provide more discussion of this topic.

3.3.2 Summary of Licensee Response

The licensee response provided detailed descriptions of the test arrangements illustrating
that these arrangements did in fact comply with the IEEE P848 test standard. Minimum
horizontal separation distances of 36" were maintained throughout. The licensee also
provide a discussion of the specific case cited by SNL as potentially illustrating the
concerns. This discussion clarified that the asymmetric heating was actually biased away

from the other test article in the enclosure, and hence, that other factors were responsible
for the effects. ' :

3.3.3 Assessment of Licensee Response Adequacy

The licensee response to this RAT item was fully adequate to resolve the question. In
particular, SNL agrees with the licensee’s assessment that (1) the tests were performed
consistent with the IEEE P848 standard and that (2) any mutual heating effects would
have been quite minimal. The licensee response was adequate to assure that mutual
heating effects would have had no significant impact on the test results. No further
actions on this item are recommended.
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34  RAlltem4: Application of Results
3.4.1 Summary of Concern

The licensee was asked to “confirm that the existing ampacity design margins are adequate
and sufficient for each installed fire barrier configuration.” Further, the licensee was asked
to “delineate the minimum excess ampacity derating margins ... at the Watt Bar Nuclear
Plant.” ' "

3.4.2 Summary of Licensee Response

The licensee response states that “all power cables have adequate ampacity margin.” A
TVA design standard and a specific WBN calculation are cited as supporting this
conclusion, but these documents were not provided for review (the documents are cited as

available on-site for review). The question of the minimum excess ampacity margin is not
addressed.

3.4.3 Assessment of Licensee Response Adequacy

This response is generally considered adequate, although somewhat incomplete. In
particular, the utility has not answered the question as to what the minimum available
ampacity margin identified in its assessments is. Of the two, this aspect of the RAT item is
considered to be of less significance. Of greater significance is the fact that the utility has
clearly stated that all of its power cable ampacity levels have been assessed and found to
be adequate. The supporting documents were not available to SNL, and hence, have not
been reviewed as a part of this assessment. SNL acknowledges that TVA has available a
considerable expertise in this area. Based on (1) the known level of expertise available at
- TVA, (2) the overall quality and comprehensiveness of the TVA/WBN testing program,

- (3) the reliance by TVA/WBN on the most conservative of the recorded ADF values for a
given configuration, and (4) the reliance upon direct test data (rather than on modeling
results), SNL recommends that no further actions on this RAI item be taken.
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4.0 SUMMARY OF REVIEW FINDINGS
4.1 Overall Conclusions

As was noted in the earlier SNL initial review efforts, the TVA/WBN tests of ampacity
derating factors were all well planned and executed. The licensee has gone to extensive
lengths to understand certain anomalous behaviors in the original Phase 1 tests, and in its
Phase 2-4 tests has explored unique conduit anii cable tray configurations which have
provided new and valuable insights into the physics of ampacity and ampacity derating.
The overall quality of the test program is considered to be outstanding, and hence, the test
results are considered to be highly reliable. It is recommended that the USNRC accept
these tests as a reiiable representation of the ampacity derating impact for the tested
configurations.

In the specific case of the Phase 1 single conduit tests, there is clearly some uncertainty in
the test results. TVA has gone to extensive lengths to quantify and understand this
uncertainty. For these tests it is recommended that only the most conservative results for
each conduit and barrier configuration tested be applied in practice. This is, in fact,
consistent with the approach taken by TVA in its own applications.

I

42 Adequacy of Licensee RAI Responises

As a result of the initial review SNL had recommended that the USNRC pursue
clarifications related to three minor points. Questions on these three points were
forwarded to the licensee in the form of RAI Items 1-3 by letter from the USNRC dated
August 29, 1996. The licensee response to these three RAI items was considered fully
adequate to resolve the identified concerns and uncertainties,

In addition, the USNRC RAI included a fourth RAI item asking the utility to (1) confirm
that its cables were operating within acceptable ampacity limits, and (2) to quantify the
minimum available excess ampacity margin for its installed electrical distribution cables.
The utility response only addressed the first aspect of this final RAI item. The second
aspect of this RAI item is considered of lesser significance. Hence, while the utility has
not addressed this RAI item, SNL does not consider this oversight to significantly impact
the acceptability of the utility test reports. SNL recommends that no further actions on
this RAT item be undertaken. -

1t should also be noted that the licensee response to the first aspect of RAI Item 4 cited
two second tier documents as supporting the conclusion of cable adequacy. These second
tier documents have not been reviewed by SNL. The focus of the SNL review efforts was
10 assess the adequacy of the utility tests. SNLs primary conclusions in this regard are

provided in Section 4.1 above.
43  APotential Concern for Cable Tray Stacking and Conduit Grouping

As a part of this review process SNL identified a number of supplemental insights. These
are insights that would not directly impact the review and final assessment of the
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TVA/WBN submittals, but rather, provide valuable new information of a more general
nature. One of these insights, that associated with cable tray stacking and conduit
grouping effects, indicates that certain aspects of the published ICEA/NEMA ampacity
tables may not conservatively bound the TVA test results. The appropriate venue for
resolution of these concerns is considered to be the appropriate standards committees
rather than TVA/WBN.

In particular, the TVA/WBN stacked tray test results indicate that the effective ampacity
derating impact of placing one powered tray above, and one unpowered tray below a
central powered cable tray is on the order of 12%. It was also noted that the baseline
ampacity measured for the three-tray TVA/WBN stack was lower than the nominal
ampacity limits established in the ICEA/NEMA open top cable tray ampacity tables. The
test results indicate that (1) the practice of cable tray stacking can significantly impact
actual cable ampacity limits, even in the fairly simple and limited configuration of the
TVA/WBN tests, (2) the ICEA/NEMA tables may not contain sufficient margin to bound
this effect, and (3) the implicit assumption in the standard tables that buoyancy driven
heating of the top trays would be the predominant effect in a cable tray stack, and hence
that the top tray would be the most severely impacted by stacking effects, is not supported
by the TVA test results.

The ICEA/NEMA tables suggest that for cable tray stacks, the top tray(s) be derated by
some nominal percentage (10%). This practice is not supported by the TVA test results.
In particular, the TVA tests illustrate that insulating and mutual heating effects of the
surrounding cable trays appear to be more important than buoyancy heating of the top
trays. In the TVA tests, the center tray was found to be hotter than the top tray, and the
bottom of the three trays was not even powered. Standard practices do not address this
phenomena.

Similar changes in measured baseline ampacity were also noted for the tests involving
grouped conduits as compared to single conduits. It remains unclear whether or not the
standard practices for derating of grouped conduits bound this effect. (This was beyond
the scope of the SNL review efforts, and hence, the SNL evaluations were somewhat
incomplete.)

It is reccommended that the USNRC consider requesting that the cognizant industry
organizations update the published standards on cable ampacity so that more explicit
treatment of cable tray stacking and conduit grouping are provided. This will likely
require that additional testing of the cable tray stacking and conduit grouping effects be
undertaken to provide a sufficient base of data upon which to base a new design approach
for future installations.
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FORWARD

- The United States Nuclear Regulatory Commission (USNRC) has solicited the support
of Sandia National Laboratories (SNL) in the review of utility submittals associated
with fire protection and electrical engineering. This letter report documents the results
of a SNL review of a set of submittals from the Watts Bar Nuclear Plant (WBN).
These submittals deal with the assessment of ampacity loads for cable trays and
conduits protected by Thermo-Lag 330-1 fire barriers. In particular, the submittals
document tests performed by Tennessee Valley Authority (TVA) to assess ampacity
derating factors for certain "special configurations” of the fire barriers at WBN. These
documents were submitted by the utility in response to USNRC Generic Letter 92-08.
This work was performed as Task Order 8, Subtask 1 of USNRC JCN J2017.
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1.0 INTRODUCTION
1.1  Objective

In response to USNRC Generic Letter 92-08, the Tennessee Valley Authority (TVA)
Watts Bar Nuclear Plant (WBN) provided documentation of the utility position
regarding ampacity derating factors associated with its installed Thermo-Lag 330-1 fire
barrier systems. The objective of this review was to review and evaluate the utility
submittals. In particular, the submittals included documentation of tests performed to
assess ampacity derating factors for certain unique configurations of the fire barriers
which have been installed at WBN. These include both cable tray and conduit fire
barrier systems.

The relevant documents reviewed are:

- Central Laboratories Services Report 93-0501, Testing to Determine
Ampacity Derating Factors for Fire Protected Cables for Watts Bar Nuclear
Plant, Revision 0, July 6, 1993, submitted for USNRC review July 9, 1993,
(This report and the tests documented therein will be subsequently referred to
in this review as the "Phase 1 report” and the "Phase 1 tests” respectively.)

- Omega Point Laboratories Report 11960-97332,97334-6,97768-70,
Ampacity Derating of Cables Enclosed in One-Hour Electrical Raceway Fire
Barrier Systems (ERFBS), March 28, 1995, submitted for USNRC review April
25, 1995. (This report and the tests documented therein will be subsequently
referred to in this review as the "Phase 2 report” and the "Phase 2 tests"
respectively.)

- Omega Point Laboratories Report 11960-97333, A mpacity Derating of
Cables Enclosed in Cable Tray with Thermo-Lag® 330-1/770-1 Upgrade
Electrical Raceway Fire Barrier Systems (ERFBS), June 30, 1995, submitted
for USNRC review September 14, 1995. (This report and the tests documented
therein will be subsequently referred to in this review as the "Phase 3 report”
and the "Phase 3 tests” respectively.)

- Omega Point Laboratories Report 11960-97337 & 97338, Ampacity
Derating of Cables Enclosed in Conduits with Thermo-Lag® 330-1/770-1
Upgrade Electrical Raceway Fire Barrier Systems (ERFBS), August 21, 1995,
submitted for USNRC review September 14, 1995. (This report and the tests
documented therein will be subsequently referred to in this review as the
"Phase 4 report” and the "Phase 4 tests” respectively.)

SNL was requested to review these submittals under the terms of the general technical
support contract JCN J-2017, Task Order 8, Subtask 1. This letter report documents
the initial results of this review. The intent of this review was to provide support to
the USNRC in determining the adequacy of the utility submittals, and in the potential
development of a supplemental RAL. Based on the results of this review, it is



recommended that such a request be pursued to clarify certain relatively minor points _
related to the manner in which the utility plans to apply the test results.

1.2 Overview of the Utility Ampacity Derating Approach

The consideration of ampacity derating factors for fire barriers at WBN is based on a
primarily experimental approach to the problem. That is, WBN has now peiformed a
series of ampacity derating experiments to assess both generic configurations for cable
trays and conduits, and to assess certain unique configurations involving multiple trays
or conduits housed within a single fire barrier enclosure. These experimental have
determined the ampacity derating factors (ADF) associated with each installation at
WBN. These factors are then applied to tabulated cable ampacity limits to determine
the maximum allowable current for the various cables installed at WBN. Actual in-
plant current loads are compared to these limits to determine the acceptability of the
ampacity values.

1.3 Organization of Report

This review has focussed on a technical review of the utility tests. In particular, this
review has focussed on the most recent tests in which the unique configurations were
tested. Section 2 of this report provides the results of a technical review of the utility
tests focussing on the overall methodology utilized and consistency with the relevant
standards. Section 3 documents the results of the WBN tests, and discusses certain
aspects of the data analysis and application. This includes a review of the earlier test
results for the more generic single tray and single conduit tests performed by WBN.
Section 4 summarizes the SNL findings and recommendations regarding the need for
additional information to support the final assessment of the utility analyses.

Note that in the discussions which follow, the tests performed by TVA/WBN will be
referred to in terms of the "Phase” of the program in which the tests were performed.
SNL will refer to Phases 1-4, each corresponding to one of the four separate test
reports reviewed by SNL. These reports and the corresponding "Phase” for each are
identified immediately above. In effect, the Phases 1-4 correspond to the
chronological order of the four test reports.



20 TECHNICAL REVIEW OF THE UTILITY TESTS

2.1 Overview

The TVA/WBN tests were performed at either Central Laboratory Services (CLS) (the
Phase 1 tests) or Omega Point Laboratory (OPL) (the Phase 2-4 tests). For purposes
of this review, the tests are grouped into four phases consistent with the four test
reports submitted by TVA/WBN. Section 1.1 above provides a breakdown of test
reports and how each report is identified in this review. In brief, the various test
phases can be characterized as follows: !
- The Phase 1 tests covered generic testing of single conduit configurations
associated with pre-formed conduit section of the Thermo-Lag 330-1 material
in a 1-hour configuration. The Phase 1 tests were documented in a CLS report
dated July 6, 1993. (Note that this report has received considerable previous
review within the USNRC and to a more limited extent involving SNL))

- The Phase 2 tests include tests of cable trays and conduits in both a generic
single item configuration and in certain unique configurations. These tests are
unique primarily because they investigate certain special barrier configurations.
These Phase 2 tests were documented an OPL report dated March 28, 1995.

- The Phase 3 tests evaluated a single cable tray with a three-hour fire barrier
system comprised of a basic Thermo-Lag 330-1 barrier system supplemented

by a8 Thermo-Lag 770-1 upgrade. This test was documented in an OPL report
dated June 30, 1995.

- The Phase 4 tests evaluated one 1" and one 4" steel conduit enclosed in a 3-
hour fire barrier system nominally similar to that of the Phase 3 cable tray.
This test was documented in an OPL report dated August 21, 1996.

It is important to note that the TVA/WBN tests included both standard ampacity
derating tests of simple barriers systems (a single tray or single conduit) and tests of
multiple trays or multiple conduits in a common fire barrier. The test procedure
generally follows the guidance provided in the IEEE P848 draft standard, “Procedure
for the Determination of the Ampacity Derating of Fire Protected Cables” (Draft 12 of
the standard is cited in the Phase 1 CLS report, and Draft 14 is cited in the Phase 2
and 3 test reports from OPL). However, because some of the tests involve multiple
trays or multiple conduits in a single enclosure, and because the P848 standard does
not explicitly address such configurations, TVA/WBN has gone beyond this procedure
in the performance of its tests. Even in these special configuration tests, SNL finds
that TVA/WBN has adhered to the "spirit and intent" of the P848 standard. No
specific concems related to TVA's extension of the P848 methods to its special
configuration tests were noted. '



22  Physical Description of TVA/WBN Test Items

- Tables 1 and 2 describe the physical configurations evaluated by TVA/WBN in Phase
1 and in Phases 2-4 of its test program, respectively. The test item identifications used
here are the same as those used in the original TVA/WBN test reports. Note that in
the Phase 2-4 tests, Test Items 7.1, 7.2, 7.6a, 7.6b, 7.7a and 7.7b correspond to generic
or standard configurations in that they involve a single cable tray or conduit consistent
with the IEEE P848 test protocol. Test Items 7.3, 7.4, 7.5 and 7.8 represent the
‘special configuration test articles in that each consists of multiple trays or multiple
conduits enclosed in a common fire barrier system.

The test specimens evaluated by TVA/WBN consisted of "randomly" filled cable trays
and steel conduits. In the phase 1 conduit tests, both 1" and 4" steel conduits were
evaluated. A variety of cable fills, conduit sizes, and powering schemes were also
used.

The cables used in Phase 1 were 3/C #6AWG, 4/C #6AWG, and 1/C 750 MCM. In
the Phase 2 and Phase 3 cable tray tests, all of the trays used were filled with 3/C #6
AWG 600 V (consistent with P848 guidelines). The Phase 2 conduit tests all involved
17 steel conduits containing 4/C #10 AWG 600 V cable also as specified in the P848
standard. The phase 3 and 4 tests also involved use of these same cable types. All of
the cables used by TVA/WBN were supplied by Rockbestos and have cross-linked
polyethylene (XLPE) insulation and chlorosulfonated polyethylene (CSPE) jackets.

Table 2.1: Description of the TVA/WBN Phase 1 Test Items

Test Item Description

93-0501-1 | 4" conduit with 5/8" base layer

ﬂ 93-0501-2 | 4" conduit with 5/8" base layer plus 3/8" upgrade layer

" 93-0501-3 | 4" conduit with 3/8" base layer plus 3/8" upgrade layer

" 93-0501-4 | 4" conduit with no barrier installed, 3-piece conduit section L
IL93-0501-5 1" conduit with 5/8" base layer I
F}OSOI-G 1" conduit with 5/8" base layer plus 3/8" upgrade layer

93-0501-7 | 1" conduit with 3/8" base layer plus 3/8" upgrade layer

ﬂ 93-0501-8 | 1" conduit with no barrier installed, 3-piece conduit section

H 93-0501-9 { 4" conduit with no barrier, 2-piece section

'L93-0501-10 1" conduit with no barrier, 2-piece section




Phase 2-4 Test Items

[ Test Item escription _
) ingle 24" x 4” tray with solid sheet steel top cover and 5/8" (nomin
330-1 fire barrier.

“Same cable tray as item 7.1, barner made up of 1-1/4" base installation
of 330-1 plus an upgrade layer of 3/8" thick 770-1 matting, no steel

tray cover installed. (This test item is the only Phase 3 test item.)

Three stacked 24" x 4" trays, spaced on 12” centers, in a common 5/8" |
330-1 fire barrier enclosure. Power applied only to top two trays

Three 1" diameter steel conduits in a horizontal row surrounde y a
common rectangular 5/8” 330-1 fire barrier. Conduit-to-conduit gap of
approximately 1/2 diameter. All conduits powered.

Six 1” diameter steel conduits arranged 1n a two rows of three conduits q

each in a small common rectangular 330-1 fire barrier enclosure, 5/8"
thick. conduit-to-conduit gap 1/2 diameter. All conduits powered.
Single 1" diameter steel conduit, barner made up of 1-1/4" base
installation of 330-1 pre-formed conduit sections plus an upgrade layer
of 3/8" thick 770-1 matting (this test item is the first of two Phase 4
test items).

Single 4" diameter steel conduit, barrier as per 1tem 7.6a (this 1s the
second of two Phase 4 test items). E
Single 1" diameter steel conduit in a small square 330-1 fire barmer 11
enclosure, 5/8” thick, 4 3/4” on a side, supported by Unistrut frame.
Single 17 diameter steel conduwit in & large square 330-1 fire barrier
enclosure, 5/8” thick, 30" on a side, supported by Unistrut frame.
Six 1” diameter steel conduits, 1n a large square fire 330-1 barner
enclosure, 5/8” thick, 30" on a side, supported by Unistrut frame

23 Barrier Installations’

2.3.1 Phase 1 Barrier Installations

In the Phase 1 tests, three different fire barrier configurations were tested (as noted in
Table 2.1 above). All of the barriers were constructed using pre-formed conduit
sections of the Thermo-Lag 300-1 material. The three installations tested were (1a
basic 5/8" fire barrier system, (2) a 5/8" base layer plus a 3/8" upgrade layer, and (3) a
3/8" base layer with a 3/8" upgrade layer.

It is also critical to note that the installation procedures utilized by TVA/WBN in the
installation of the pre-formed conduit sections include a practice that each barrier
section be fully “pre-buttered" along the length of the section on the inner surface of
the panel. The result of this procedure is to completely fill, with trowel grade
material, the gap between the inner barrier surface and the outer conduit surface, and
the gap between the inner and outer barrier layers for those installations involving a
second barrier layer. This is a unique installation procedure which could significantly
impact the ampacity derating results. In particular, if this full surface pre-buttering
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procedure is not applied, then an air gap could exist between the conduit and the inner
~ surface of the fire barrier, and possibly between barrier layers as well. In this case, a
more severe ampacity derating impact would be expected. This condition should be
carefully noted, in particular, if the results are to be applied to other plants and other
utilities.

232 Phase 2 Barrier Installations

The fire barriers for all of the test items in the Phase 2 tests were constructed out of
nominal 5/8” Thermo-Lag 330-1 flat panels. For items 7.1, 7.3, 7.4, and 7.5, the fire
barriers were constructed so as to form a minimal volume. That is, the construction of
the barrier followed standard installation procedures in which the barrier is secured
directly to the cable tray or conduit with only the minimum required clearances needed
to secure and support the panels. In the case of conduit test items 7.7a and 7.7b, and
7.8, the fire barrier was constructed so as to create a fixed, predetermined enclosure
size which was significantly larger than the nominal volume of the conduit groupings
themselves. This is described further below.

It should also be noted that the TVA/WBN Phase 2 test of the single cable tray, test
item 7.1, included the installation of a solid steel cover plate on top of the tray prior to
installation of the fire barrier. This is not considered typical practice, and would
significantly impact the ampacity derating results. In effect, the steel tray cover
represents an additional layer of thermal material between the trays and the
environment. Hence, the ampacity derating associated with this system would be
expected to be somewhat more severe than that for a barrier without the tray cover.

For items 7.7a and 7.7b, the Phase 2 single conduit tests, and for test items 74,75
and 7.8, the multiple conduit arrays, the Thermo-Lag 330-1 barrier was built using a
somewhat unique construction approach. Instead of a preformed cylindrical Thermo-
Lag pieces used in Phase 1, in Phase 2 flat panel sections were used to build a
rectangular box supported on a fixed Unistrut frame surrounding the conduits. These
boxes varied in size from test article to test article (as described in Table 2.2 above).
For these test articles, the fraction of the internal volume made up of "dead air space"
was significantly larger than that of the other systems. As will be noted below, this
did impact the results of the testing. ~

In the case of the Phase 2 experiments, after the ampacity derating tests were
completed, the actual installed thickness of the Thermo-Lag 330-1 panels was
measured in different locations for the various fire barrier systems. The actual
installed thickness ranged from 0.82 to 1.78 inches. This variation was attributed to
attempts to achieve a smooth final surface for the fire barrier through the application
of additional trowel grade Thermo-Lag 330-1 material. In the context of ampacity
derating, a thicker barrier than that minimally required would be a more conservative
configuration.

One potential discrepancy in the testing procedure was noted regarding the cure time
allowed for the Thermo-Lag 330-1. That is, while the panels are provided by TSI as a
fully cured solid product, in order to form the fire barrier an uncured trowel-grade
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form of Thermo-Lag is used to seal the joints. The trowel grade material requires an
extended cure time, and the TVA/WBN test plan called for 30 days of curing time
before the testing of the protected assemblies. This curing time requirement was
observed for all cases except for item 7.3. This item was tested 27 days after the fire
barrier was finished. No specific information was provided regarding the impact of
this shortened cure time and no documentation was provided on a moisture content
measurement as suggested by the test plan as an alternative to the 30 day ciire time.
In general, this is considered a minor point given that a significant cure time only
slightly shorter than that called for in the test plan was allowed. It is recommended
that the utility be asked to provide for its own assessment of the potential impact of
this deviation from the test plan, and in particular, be asked whether or not moisture
content measurements were made prior to the final testing.

2.3.3 Phase 3 Barrier Installations

The Phase 3 barrier installation was significantly different that those of either Phases 1
or 2. In this case a 1-1/4" base installation of Thermo-Lag 330-1 was installed, with

~ an additional upgrade overlay of 770-1 Thermo-Lag matting material. Two layers of

the 770-1 matting material were installed. This barrier system was identified as a 3-

hour barrier as compared to the 1-hour barrier evaluated in the Phase 1 and 2 tests.

Destructive evaluation of the barrier thickness after the completion of testing revealed
general material overall thicknesses in the range of 2.56" t0 3.31". In locations on the
bottom of the specimen, gaps had formed between the base 330-1 panels and the 770-1
overlay (due to physical sagging of the matting during installation). In these areas,
overall thicknesses including the air gaps were as high as 5.19",

While it is not explicitly stated it is apparent from the photographs of the barrier
installation process that the steel cable tray cover plate installed in the case of test
item 7.1 was not installed in the case of item 7.2, This is an important difference
which should be considered in any comparison of the two tests or in any subsequent
applications of the test results to other trays. It is recommended that the utility be

asked to verify this point because the presence or absence of the cover plate would
significantly impact the ampacity results.

2.3.4 Phase 4 Barrier Installations

The Phase 4 conduit installations were essentially identical to those of the Phase 3
cable tray installation. That is, the barrier consisted of a 1-1/4" 330-1 base layer plus
an overlay of the 3/8" 770-1 matting. Two layers of the upgrade matting material
were installed. The 330-1 layer was formed using pre-formed conduit sections of the
material. The 770-1 is a flexible matting material and is simply wrapped around the
item to form the desired.shape.

In this case it is also important to note that the conduit sections were "dry fit to the
conduit and secured with stainless steel bands ... The joints and seams were then post-
buttered with Thermo-Lag 330-1 Trowel Grade material.” This practice is important
because it means that for these installations, a natural gap was allowed to form
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between the conduit outer surface and the fire barrier inner surface. No attempts to fill
this gap were apparently made. In terms of ampacity derating, this is the most
conservative configuration. That is, the ADF with the gap should be greater than the
ADF if the gap were filled. This is in apparently marked contrast to the barrier
installations of Phase 1. .

Destructive evaluations of the fire barrier thickness were performed after the _
completion of testing. For item 7.6a, the 1" conduit, thicknesses ranged from 2.76" to
2.84". For item 7.6b, the 4" conduit, thickness was consistently found to be
approximately 2.6".

24  Compliance with the IEEE P848 Draft Standard
24.1 Compliance with Experimental Procedures

In all of the TVA/WBN tests, the experimental procedures were bases on the IEEE
P848 draft test standard. In the case of the Phase 1 tests, Draft 12 of the standard is
cited. In the Phase 2-4 tests, Draft 14 of P848 is specifically cited. In the context of
these tests, and in particular given the manner in which TVA/WBN pursued its testing,
the differences between these two versions of the standard are relatively unimportant.
The principal change was that Draft 14 introduced a specification that the baseline and
clad tests must be performed using the same physical test specimen. In large part, the
TVA/WBN Phase 1 test insights were the motivating factor in this change, and
TVA/WBN has given thorough consideration to the impact of having used different
physical test specimens in its baseline and clad Phase ] tests. This is discussed further
below. :

It is useful to note at the outset certain aspects of the IEEE P848 draft test standard
relevant to the review of the TVA/WBN ftests. Recall that ampacity derating is a
measure of the percentage loss in the maximum current that can be carried by a cable
that is protected by a fire barrier system in comparison to the maximum current that
can be carried by the same cable without any fire protection. The current must be
limited in order to ensure that the maximum rated temperature for the cable is not
exceeded. Since fire protection barriers act to isolate the cables from the external
environment, some insulating effect is to be expected. As a result, adding fire
protection almost always reduces the maximum allowable current.

In P848 the maximum temperature for the cable is assumed to be 90°C while the air
temperature of the test enclosure is maintained at 40° C. These values correspond to
the typical life exposure temperature rating of the cable insulation materials, and to the
typical ambient conditions assumed in standard tables of cable ampacity. The
TVA/WBN tests all complied with both the tolerance limits and the steady state
achievement criteria set forth in P848. No significant discrepancies were noted in this
regard.

For a cable tray or conduit, the primary measurement of the conductor temperature is
taken at the middle of the cable tray or conduit test specimen, (in the standard this is
identified as position 2). Temperatures are also measured at two "side” locations,



Positions 1 and 3, which are Jocated 3 feet on each side of the central position 2. The
draft standard provides criteria for the allowable variation between the center and side
locations, and these criteria were satisfied in the TVA/WBN tests.

Note that in the Phase 1 tests the center location was not always the hottest location.
While it is nominally expected that the center location should be the hottest, the P848
standard does not require that such a condition be achieved. TVA/WBN went to
significant lengths to understand and address this situation. In the final analysis, it
appears that minor differences in the surface emissivity of the conduit sections used in
test item construction were sufficient to account for the observed behavior. In the
final analysis, this situation has been explored appropriately by the utility, and this
situation would not significantly impact the final results of the TVA/WBN tests.
However, the fact that this condition did exist, and that TVA/WBN did use different
physical conduit sections for its baseline and clad tests does mean that there is some
uncertainty in the results. This is discussed further below.

The ambient temperature is generally assumed to be based on the air temperature
within the test enclosure, and this is the typical value reported in such tests.
TVA/WBN did comply with the provisions in P848 regarding the need to achieve,
maintain and monitor the ambient environment. It is interesting to note that in the
Phase 2-4 tests, TVA/WBN actually included measurements of the wall temperatures
as well. This is presumed to be in response to questions which had been raised
regarding the potential impact on the tests if the walls of the test enclosure were
significantly different in temperature from the air. The P848 standard does not address
either enclosure wall construction nor wall temperature. The TVA/WBN practice of
measuring the wall temperature is a laudable extension of the P848 methodology
which will eliminate this issue as a potential point of concern.

2.3.2 Compliance with Test Documentation Requirements

P848 includes a list of the ‘documentation required to demonstrate compliance with the
provisions of the standard. This list includes; a description of the test articles,
information of the test equipment, calibration of the test equipment, and quality control
records. Overall each of the three TVA/WBN reports was found to be quite well
documented, concise, and informative, However, while the reports satisfied most of
the requirements of the P848/D14 documentation, three exceptions were noted,;
namely, the qualification and certification for test personnel has not been provided,
documentation that the product does or does not react at temperatures below 90°C has
not been explicitly provided, and documentation that moisture equilibrium has been
achieved was also not provided.

With regard to documentation of test personnel, both OPL and TVA/WBN are known
to have extensive expertise in the area of ampacity testing, and hence, this is not
considered a point of significant concem. Even in the case of the CLS tests, while the
qualification of CLS in this area are not known, oversight of the activities by
TVA/WBN was documented and would generally be considered an acceptable
practice. It is also clear from the review that the tests were performed in a very
rigorous and professional manner. Hence, while SNL does not consider this issue to
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be of significant concem, a follow-up question to the utility to provide such
documentation is recommended.

With regard to the reactivity of the product at temperature below 90°C, while no
information was included on this aspect of the fire barrier product, it is well known that
Thermo-Lag does not exhibit significant changes in behavior at or near these temperature
levels. Hence, this is considered an unimportant observation, and no specific actions are
recommended in this area.

With regards to the demonstration of moisture equilibrium, for nearly all of the TVA/WBN
specimens a full 30 day cure period was allowed consistent with manufacturer recommended
practices. This is generally considered acceptable to demonstrate that the test articles

have achieved moisture equilibrium. However, in the case of Phase 2 test item 7.3, testing
was completed after only 27 days of curing. As noted in Section 2.3 above, this is not
considered a significant concem, but a follow-up question to the utility is recommended.

In particular, the utility should be asked to provide any documentation of moisture content
measurements if such measurements were made for this test article.

2.5  Extensions to the P848 Test Standard
2.5.1 Supplemental Instrumentation

In all of its tests TVA/WBN has significantly extended the scope of the measurements made
beyond those required in the standard. This supplemental information has proven especially
useful in interpreting the test results, and in no way invalidates any of the basic required
data measurements nor the analysis of test results. In particular, the Phase 1 tests

included extensive measurements of the conduit surface temperatures in addition to the
cable temperatures. These supplemental measurements significantly expanded the general
knowledge of heat transfer and ampacity derating and led directly to TVA/WBN's ability to
interpret the results of its testing.

One item of particular note is that for the Phase 2-4 tests the temperature of the enclosure
walls were also measured. On some of the tests, the floor of the enclosure was insulated
for both the baseline and clad tests. Floor insulation is not addressed in P848/D14, and is
probably not an issue, but it could help in maintaining the ambient temperature. This
practice was presumably in response to previous questions which had been raised regarding
the lack of specification for the test enclosure wall ‘properties or monitoring. In earlier
reviews of the TVA/WBN Phase 1 tests, this was identified as a potential contributing factor
to the anomalous behavior noted in those tests (see further discussion below).

The TVA/WBN tests included many thermocouples in excess of those required by the standard.
These supplemental thermocouples measured various surface temperatures which will be of
great interest for modeling of these types of tests. Of particular note in this regard are

the Phase 2 tests. For example, temperatures were measured on both the inside and outside
surfaces of the fire barriers. Also, 9 to 14 temperature measurements were made of the
ambient room air temperature, and 6 measurements were made of the enclosure wall
temperatures. Some measurements were also made of the outside surface of the cables (as
compared to the conductor temperature below the insulation).
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Finally, as suggested in P848/D14, surface emissivity measurements were made on many of the
surfaces in the test enclosure including various parts of the test articles. In particular,
TVA/WBN has reported a range of values for conduit surfaces, the cable tray side rails, the
cables, and the fire barrier materials. These measurements will be most helpful to possible
future efforts to mode! and understand these test results.

2.5.2 Methodological Extensions for Stacked Cable Trays

Test item 7.3 consisted of a stack of three cable trays within one fire barrier enclosure.
This type of configuration is not addressed by the P848 standard, and hence, extension of
the general methodology of P848 to this special configuration was needed. In both the
baseline and clad tests, all of the cables in the top two trays were powered. All of the
conductors in the top two cables trays were connected in a single series and served by a
single current supply. Hence, the two top trays had equal power densities applied to them.
In effect, the top two trays represented two of the P848 standard cable trays stacked one
above the other and powered equally in testing.

Thermocouples were installed in each of the top two trays in the same locations as are
recommended for the single tray in P848. The third, bottom cable tray was loaded with the
same cable fill as the upper two trays, but was not powered during the test, and was
apparently not instrumented either. This configuration apparently corresponds to the
configuration being evaluated in the plant (i.e. three trays in a single box in which only

the top two trays contain power cables), and hence is considered an appropriate extension of
the P848 test. ‘

In implementing the necessary extensions to the P848 protocol to meet the needs of this
particular test article, TVA/WBN adhered closely to both the intent and spirit of the
standard. In particular, the utility has provided an equivalent level of instrumentation,

and has followed an appropriate and well documented protocol for performance of the tests.
SNL has identified no concemns related to the testing protocol used by TVA/WBN in the
evaluation of this test article.

253 Methddologica] Extensions for Grouped Conduits

Test items 7.4, 7.5 and 7.8 each involved the testing of a group of conduits rather than the
testing of a single protected conduit. These configurations are not specifically addressed
by the P848 test protocol, and hence, extensions of the standard test procedure were
required to suit the needs of these tests. As with the stacked cable tray test described in
Section 2.5.2 above, the extensions to the test protocol implemented by TVA/WBN in its
testing have been well documented, adhere to both the spirit and intent of the P848
standard, and are considered by SNL to be appropriate.

One important factor to consider in reviewing the test results is that for the grouped
conduit tests, all of the conduits were provided with identical cable loads, and all of the
cables in each conduit were powered equally during the actual tests. With regard to test
instrumentation, for test item 7.4, thermocouples were provided for each of the three
conduits in the array. For items 7.5 and 7.8, the double row of three conduits,
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thermocouples were placed in all 6 conduits. In each case, the.thennoco.uples were
positioned consistent with the specifications from P848 for testing of a single conduit.

2.5.4 Simultaneous Experiments Performed

In the actual execution of testing, TVA/WBN typically evaluated two separate ampacity test
items simultaneously. - This was presumably intended to make testing more éfficient and to
expedite the program. However, no provisions are included in P848 for this type of
simultaneous testing of multiple test items, and this practice may have slightly affected

the results of the tests.

In this type of testing, the surface temperatures of the test articles are significantly
higher than that of the surroundings (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 test article is tested simultaneously. The intent of the test standard is to
ensure that the test articles exchange energy only with the ambient surroundings (the air
and walls of the test chamber). Hence, the practice of simultaneous testing introduce an
unanticipated thermal effect which could impact the test results.

To illustrate the possible effects, consider that items 7.1 and 7.4 were tested

simultaneously. For the clad test, it was also noted that for test item 7.4, the "left"

conduit was the hottest of the three conduits. This is somewhat unexpected as one would
normally anticipate a relatively symmetric behavior, and hence, one would expect the center
conduit to have been the hottest of the three. One potential explanation for this behavior
would be the presence of item 7.1, the cable tray test item, in the test enclosure during

the test. Even in the clad tests the data indicate that the exterior of the fire barrier

cladding on item 7.1 was approximately 46° C at equilibrium. Because test item 7.4 was
subject to some level of radiative exchange with test item 7.1, and because 7.1's outer
surface was significantly warmer than the ambient, this may have caused a minor shift in the
location of the hot spot for item 7.4 towards the side nearest item 7.1 due to radiant

energy exchange. This is, unfortunately, all conjecture since it is not obvious from the
pictures whether the left or right conduit was closest to item 7.1. Also, given the rather
unexpected behaviors noted for the conduits in the Phase 1 tests, alternate explanations of
the behavior are certainly possible (e.g., variations in surface emissivity of the various
conduits in the array might also have led to this behavior).

In general, it is not expected that this situation would have significantly impacted the
test results, particularly if consistency was maintained between the baseline and clad
tests. However, SNL recommends that limited follow-up questions to the utility should be
pursued. In particular, the utility should be asked to describe the physical separations
between test articles, any measures taken to ensure that direct radiative heat transfer did
not occur between the specimens, and to describe the actual pairing of test items in both
the baseline and clad tests. The utility should also be asked to perform a limited review
of its test data to determine if any of the non-symmetric heating behavior might be
attributed to the simultaneous testing of two test articles, and to provide its own
assessment of the potential impact this practice may have had on the test results,
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In addition, this question should also be viewed in a broader context as a point of general
concern regarding the P848 standard. The practice of running two (or potentially more) test
items simultaneously in the same test enclosure should be addressed in the standard. In
particular, it may be prudent for the test standard specify (1) that some minimum separation
distance between the test articles be maintained, (2) that an insulating panel be place
midway between the test articles so as to prevent direct radiative heat exchange between
them, and (3) that the placement of one test article directly above another test article

should be prohibited. This is an issue which should be directed to the standards committee
rather than to the utility.
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3.0 REVIEW OF TEST RESULTS AND APPLICATIONS

‘ 31 Overview

The TVA/WBN tests have provided numerous results which are of significant interest both to
TVA/WBN and potentially to other utilities. The TVA/WBN test results also provide a wealth
of information of significant potential interest to the development and validation of

computer models of the heat transfer processes associated with the problem of ampacity
derating. This section of the report first summarizes the test results as presented by
TVA/WBN in its test reports. The discussion then considers certain aspects of the test data
which highlight significant and interesting behaviors which can be derived from the TVA/WBN
test results.

3.2  Summary of TVA/WBN Test Results
3.2.1 Results for Phase 1 Conduit Configurations

The Phase 1 conduit tests resulted in a relatively complex set of test results which are
relatively difficult to interpret. This resulted from certain unexpected behaviors noted

by TVA in the performance of its tests. In fact, much of the testing performed by TVA/WBN
in Phase 1 was specifically aimed at resolving the discrepancies which were noted early in

the test program. Two behaviors were noted in these tests that contributed to uncertainty
in the test results;

. - Many of the TVA/WBN test articles were to be tested using an odd number of
: conductors in the conduit. Early into the testing program, TVA/WBN realized that
inductive heating effects were being experienced due to the unbalanced electrical
loads passing through the conduits. This resulted in the direct heating of the
conduit itself through induced currents, and in a distortion of the test results.
Much of the TVA/WBN testing was performed in an attempt to understand and eliminate .
this behavior from the tests.

- In certain of the TVA/WBN baseline conduit tests, it was noted that the hot-spot
in the cable mass was not occurring at the center of the conduit section as
expected, but rather, at one of the two "side” measurement locations. TVA/WBN went
to considerable lengths to address this condition. In the final analysis, it was
determined that differences in the individual conduit sections used to construct the
test specimens were to blame for the behavior. In particular, differences in the
surface emissivity of the conduits was attributed as the primary culprit in this
behavior. TVA/WBN's final resolution of the issue was to re-construct the conduit
sections using one 10' section in the center and 2 - §' sections (cut from a single
10° section), one place on each end of the center section. This resulted in the
desired behavior with the hot-spot subsequently being located, as expected, in the
center of the specimen.

' In addition, there was one aspect of the TVA/WBN Phase 1 tests which introduces additional
uncertainty into the test results, and which complicates the final assessment of the test
data:
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- In the TVA/WBN Phase 1 tests, different physical conduit sections were used in
the baseline and clad tests. That is, in testing, TVA/WBN would use the same cable
bundle in both the baseline and clad tests, but this cable bundle would first be
installed in one unprotected conduit for the baseline test, and then reinstalled

into a separate clad conduit for the clad test. This practice, when combined with
the significant difference in thermal behavior noted by TVA/WBN for different
conduit sections, introduces uncertainty into the final test results.

Overall, the TVA/WBN efforts to understand and address these unexpected behaviors are
considered both appropriate and fully responsive to the situation. The final analysis of

test results is somewhat confused by this situation, but the final results of the TVA tests
should not be considered to have been fundamentally compromised by this situation. In the
overall context of interpreting the test results, the TVA/WBN practice of using different
physical conduit specimens in the baseline and clad tests is of most significance. That is,

it is this practice that is most difficult to quantify, and hence, it is this factor that

lead to the most significant unquantifiable uncertainty in the final test results.

The final results of the TVA/WBN tests are summarized in Table 3.1, Note that for these
tests the derating impact is presented in terms of the Ampacity Correction Factor (ACF)
rather than the Ampacity Derating Factor (ADF). This is a matter of convenience in order to
avoid confusion related to negative ADF values. That is, several of the TVA/WBN tests
resulted in clad case ampacity values greater than the baseline ampacity values. This
implies that the presence of the fire barrier actually led to an increase in allowable
ampacity. This situation can arise primarily due to an increase in the radiative efficiency
of the fire barrier surface in comparison to the conduit surface. The TVA/WBN practice of
filling the gap between conduit and barrier makes this situation far more likely. This
behavior would be reflected as either a negative ADF or as an ACF which was greater than
unity. The relationship between ACF and ADF is simply:

ADF = 1,0 - ACF

In presenting the results we have not attempted to provide all of the various ampacity
measurements made by TVA/WBN, nor have we addressed the issues of which of the results are
"most correct” for a given conduit. Rather for each physical system a range of ACF values

is reported. TVA/WBN has indicated (in public meetings with the USNRC) that it intends to
use the most conservative of the test results as applicable to a given situation. This

approach is considered fully appropriate given the available cable ampacity margin

apparently available at TVA/WBN. However, it does leave the question open should some othe;
utility or other plant choose to utilize the TVA/WBN results, and wishes to use other than

the most conservative values reported. This review has not further pursued this concem as

it is considered outside the scope of the review of TVA/WBN's approach to ampacity derating.
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Conduit | Test Item | Barnier Description ACF
Size

93-0501-1 | 5/8" 330-1 preformed conduit sections 1.018-1.073

4"  |'93-0501-2 | 378" 330-1 preformed conduit sections with | 09731041 ]
3/8" upgrade overlay
93-0501-3 1 3/87 330-1 preformed conduit sections with | 0.918-1.031

3/8" upgrade overlay
93-0501-5 T 5/8™ 330-T preformed conduit sections 0.965-1.027 |

1" ['93-0501-6 | 5/8" 330-1 preformed conduit sechions with | 0.952-T007 |
3/8" upgrade overlay
3-0501-7 [ 3787 330-1 preformed conduit sections with | 0.969-1.01¢"
3/8" upgrade overlay
Note: test results include the full range of cable loading and powenng schemes
" evaluated by TVA/WBN, including those with known inductive heating effects. Jj

Some seemingly unexpected results can be noted. In particular, for the 4" conduit the
worst-case derating impact for the 3/8"+3/8" system (item 3) was somewhat worse
than that of the 5/8"+3/8" system (item 2). This is not an expected result, and the
reason for this discrepancy is somewhat unclear. However, it should also be noted
that for both items the worst case derating impact was associated with the 3-conductor
single phase experiments in which the inductive heating effects would have been most
pronounced. The source of this discrepancy may be related to these effects.

Another interesting point was noted in this review. It has previously been postulated
by SNL (in discussions with the USNRC) that the net effect of inductive heating on
ampacity derating tests would be to drive the results toward more conservative values
(higher ADF or lower ACF). The primary effect of inductive heating is to move some
of the heat generation source away from the cable conductors and into the conduit
itself. The presence of the barrier introduces a more significant change in behavior for
the conduit (as a heating source) than it does for the cables inside the conduit. This is
because the conduit itself starts out with direct thermal access to the environment
whereas the cables begin with some level of isolation due to the surrounding conduit.
The fire barrier cuts off direct access of the conduit to the ambient, and hence, the
relative change is more profound. This would also imply that the derating impact
would be magnified in this situation. This postulate appears to have been the case in
these tests. In particular, with the exception of item 1, the worst case derating impact
was uniformly associated with the 3-conductor single phase test. As noted above, it is
this configuration that would have experienced the most significant inductive heating
problems. .

3.2.2 Results for Phase 2:4 Conduit and Cable Tray Configurations

The ampacities measured in the TVA/WBN Phase 2-4 tests are summarized in Table
3.2. Table 3.2 provides both the actual and corrected currents measured for both the
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baseline and clad (protected) tests for each test article. Table ?.3 provides a simplified
summary of the test configurations and derived ampacity deratings.

L;g'l‘able 3.2; Ampacity measurements for IVA/WBN Phase 2 Tests
Test {Item Barrier Actual |Cable Hot-] Room Corrected
Item |{Description Condition{ Current spot Temp. | Current
(A) Temp. (°0) (A)
(°C)
(7.1 |1 Tray, Ihr | Daselme? | 2993 T 008 1 350135301
barrier clad 17.50 89.5 413 17.81 |
Tl_'l'ray, 3hr baseline* | 29.73 90.8 39.9 29.48
Barrier clad 15.51 89.3 40.0 15.60
Tﬁays, one baseline 25.96 90.8 41.6 2620 |
1hr box clad 16.65 89.3 40.9 16.90
7.4 |3 - 1" Conduits,| baseline | 31.65 89.8 39.9 31.67 |
small 1hr box clad - | 29.15 90.4 40.6 29.23
(7.5 |6 - 1" Conduits,| baseline |~ 30.96 90.9 413 | 31.13 |
small 1hr box clad 23.15 | 909 40.9 23.18
7.6a|1" Conduit, 3hr | basehne | 32.64 90.2 40.2 32.56
wrap clad 29.54 89.3 39.8 29.66
7.6b 4" Conduit, 3hr | baseline | 29.59 90.6 39.2 29.21
wrap clad 25.85 90.5 39.3 25.56
(7.7a[1" Conduit, baseline | 33.20 90.5 39.9 33.03
small 1hr box clad 29.17 89.9 40.1 29.22
7.76|1" Condut, baseline | 33.20 90.5 39.9 33.03
large 1hr box clad 31.20 90.0 40.2 31.26
7.8 |6 - 1" Conduits,| baseline 30.96 90.9 413 31.13
large 1hr box clad 28.40 90.3 40.0 28.33
* The same baseline test was used for items 7.1 and 7.2 because the exact
same cable tray was used in both test articles.

The TVA/WBN derived deratings for the conduits ranged from a low of 6% for the
single conduit in a large box (item 7.7b) to a high of 26% for the group of six
conduits in a small common enclosure (item 7.5). The differences noted by

TVA/WBN are pronounced. Some of the insights which are directly apparent from the
TVA/WBN results include: .

Boxed Enclosure versus Preformed Conduit Sections The boxed enclosure
derating factors are significantly larger than the derating factors found in the
Phase 1 tests for conduits enclosed in barriers made up of pre-formed panels.
In the case of the single conduit, for example, the Phase 1 test for a 1” conduit
show ADF values ranging from -2.7 to +3.5% for the preformed,
cylindrically-shaped Thermo-Lag 330-1 using three different cables (recall that
the Phase 1 tests included some tests with negative ADFs). The phase 2 tests
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show a much higher ampacity derating factor for the single conduit contained
in Unistrut-supported panels of 12% and 9% (items 7.7a and 7.7t3). ’l‘hjs
difference is primarily attributed by SNL to the absence of any air gaps in the

Phase 1 barrier installations.

I Table 3.37 Ampacity derating results for TVA/WBN Phase 2-4 Tests |
Test [Descniption  |Barrier sescnption: All barniers made ADF 257.0;
Item from 5/8" (nominal) Thermo-Lag 330-1 flat
panels, plus trowel grade except where
noted otherwise.
7.1 |1 - P848 tray, [Steel tray cover plate installed, then
24"x4" enclosed in rectangular box with panels in 40
contact with cable tray and top cover.
-2 |1 - P848 tray, [3-hour fire barmier system of 1-1/4" 330-1 48
24"x4" with two layers of 3/8" 770-1 as upgrade
7.3 |3 P84s trays, |Housed in a common rectangular enclosure,
top 2 powered |panels applied in contact with cable trays, 36
no steel covers on any of the 3 trays.
7.4 |3 Conduits, 1%, [Conduits in a honzontal row, surrounded
all powered  |by a common enclosure, conduit-to-conduit 8
spacing of approximately 1/2-diameter,
panels applied directly to conduits.
7.5 |6 Conduits, 17, |Conduits arranged 1n a8 two rows of three
all powered  |conduits each, common rectangular fire 26
barrier enclosure, conduit-to-conduit gap
172 diameter, panels applied directly to
conduits.
7.6a|1 Conduit, 1" |Similar to item 7.2, 330-1 used in 1-1/4° 10
preformed conduit sections.
7.6b[1 Conduit, 4 |Same as 7.6a 13
7.7a(1 Conduit, 1" |Conduit in a small square fire barner
enclosure, 4 3/4” on a side (inside 12
dimension of panels), panels supported by
Unistrut frame.
1.7b11 Conduit, T" [Conduit in a large square fire barner
enclosure, 30” on a side (inside dimension 6
of panels), panels supported by Unistrut
frame.
7.87[6 Conduits, 1", |Same conduif array as1in 7.5, 1n a single
all powered  |large square fire barrier enclosure, 30” on & 9
side (inside dimension of panels), panels
"{supported by Unistrut frame.

Effects of Boxed Enclosure Size: Another result of interest is that for the two
conduit configurations tested using both a "small” and "large” enclosure, the
smaller enclosure had a higher derating factor than that of the larger enclosure.
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This can be illustrated by comparing the single conduit test items 7.7a and
7.7b: 12% ADF for the small box versus 6% ADF for the larger box. One can
also compare the 6-conduit grouping from test items 7.5 and 7.8: 26% for the
smaller box and 9% for the larger box. These differences are attributed by
SNL to two factors. First, the increased surface area of the larger box leads to
a greater rate of heat transfer through the box and to the ambient for a given
temperature drop across the barrier, and second, the increased volumé of the
enclosure allows for the development of more energetic and hence more
efficient convective air flow currents within the box. These two effects _
working together could easily account for these results. To further illustrate, if
the fire barrier enclosure continued to grow in volume, it would eventually
resemble the ambient environment of the test chamber itself, Hence, in the
limit of a very large box, the ampacity derating impact would be expected to
approach zero (no impact).

In the case of the stacked cable trays, it is more difficult to draw direct comparisons of
the test results because the fire barrier system for the single tray test and the multiple
tray test included one very significant difference. That is, the single tray test included
installation of a solid steel tray cover before installation of the barrier, and the stacked
configuration apparently did not. Certain supplemental insights related to the cable
tray stacking effects are discussed in Section 3.3 below.

3.3 Supplemental Insights Gained from the TVA/WBN Test Results

Certain insights may be gained from the TVA/WBN test results which will not
necessarily directly impact the review or final assessments of the TVA/WBN test
results. These supplemental insights are gained by comparing the TVA/WBN results
to other tests, by comparing the results for one test item from the TVA/WBN tests to
another in somewhat unconventional ways, and by comparing the TVA/WBN ampacity
measurements to the standard ampacity tables. The TVA/WBN tests provide a wealth
of new and valuable insights which are considered worth noting here. This subsection

of the report documents the initial insights gained through a review of the TVA/WBN
results.

33.1 Comparison of TVA/WBN Cable Tray Results to those of Texas Utilities

As a part of this review, SNL performed a simple comparison of the TVA/WBN
results for the single P848 cable tray ampacity derating tests to those obtained by
Texas Utilities in a similar test from 1993.! As a result of this comparison, one
interesting insight was developed. This insight is related to the added impact of the
steel cover plate used by TVA/WBN in its single tray ampacity test (test item 7.1).

"The TU tests are documented in an OPL report 12340-94583,95165-95168,95246
which has been submitted by TU to the USNRC for review. This test report was
reviewed by SNL under Task Order 1 of this JCN (J2017).
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That is, the TVA test evaluated the ampacity impact of a combined barrier system
including both a steel cover plate and a 5.8" nominal Thermo-Lag enclosure. This test
can be compared directly to the TU test of a similar cable tray. In the TU tests, no
steel cover plate was used, but a fiberglass blanket was placed directly on top of the
cables prior to installation of the barrier (this is a thin flexible blanket installed to
protect the cables from damage during installation of the barrier). In all other senses
the trays tested were essentially identical, and in fact, both tests were condutted at
OPL. '

For the TU tests an ADF of 31.6% was determined, and for the TVA/WBN tests an
ADF of 40% was determined. This significant difference can be attributed, at least in
part, to a conclusion that the close contact between the blanket and the cables in the
TU tests had a relatively minor impact on derating, whereas the steel tray cover had a
significant impact on derating. The higher impact of the steel cover plate is not
unexpected because it was both remote from the surface of the cables, and it created a
second air gap in the barrier system (that between the cover and the top panel of the
barrier enclosure. Each of these factors would contribute to the significance of the
ampacity impact. In general, the TU test results would be expected to more closely
match the behavior of a cable tray in the absence of either a blanket or steel cover.

It should be noted that there is a second factor which may have influenced the test
results. That is, the TU and TVA/WBN test items used different cable depths of fill.
In the TU tests, the cable tray contained 126 lengths of the 3/C 6AWG wire whereas
in the TVA tests only 96 passes of a similar 3/C 6AWG cable were used. This
difference significantly impacted the actual ampacity limits. (TVA/WBN measured a
base line ampacity (corrected) of 29.5A while TU measured a base line ampacity
(corrected) of 23.1A.) However, in the context of ampacity derating this should have
been a secondary parameter.

~ 3.3.2 Effects of Stacking Cable Trays

One area in which the TVA/WBN test results provide insights not previously available
is the impact of cable tray stacking on cable ampacity limits. These insights can be
derived by comparing the baseline results for test item 7.1, the single cable tray test
item, to the base line results for test item 7.3, the stack of three cable trays.

Recall that all of the cable trays in each test are essentially identical. All were
constructed in accordance with the cable loadings set forth in the P848 standard. Each
tray measured 24" wide by 4" high, and had a cable depth of fill of approximately
2.25". For test item 7.1, all of the cables in the single tray were powered uniformly.
For test item 7.3, all of the cables in both of the top two trays were powered
uniformly, and the cables in the lowest tray were not powered at all. For each of the
two baseline tests, the current in the powered tray(s) was set so as to achieve a

nominal hot spot temperature in the system of 90°C in an ambient environment of
40°C. ‘

One insight gained from these tests relates to identification of the predominant effect
of the stacking configuration on heat transfer behavior. There are three potential
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effects to consider; namely, (1) buoyancy driven heating of the upper trays by lower
trays, (2) the insulating effect of surrounding a cable tray with other powered and

- unpowered cable trays, and (3) the heating effects of radiative exchange between the
powered cable trays. If buoyancy heating of the upper tray were the predominant
effect, then the overall system hot-spot would be expected to occur in the top-most

" tray. In contrast, if either the insulating effect or the insulating effect in combination
with the mutual heating effect is predominant, then the hot spot would be expected to
occur in the center tray.

In the ICEA P-54-440 ampacity tables, it is buoyancy heating which is implied to be
the predominant effect. In Section 2.4 of that standard it is stated "If trays are
stacked, the ambient temperature of the upper trays will obviously be higher depending
on the amount of ventilation around the trays." This statement implies that the
predominant effect of interest is buoyancy driven heating of the air volume which
would result in higher ambient conditions for the upper trays in a tray stack. The
standard recommends "In cable tunnels without forced ventilation, a 50°C (122°F)
ambient will frequently exist at the top of the tunnel.” The implied practice is to rate
the cables located "at the top of the tunnel” using a somewhat higher ambient
temperature. A derating impact of 10% is recommended for the 50°C versus 40°C
condition cited in the standard (see the first table in Section 2.4 of the standard). This
practice does not appear consistent with the test data from TVA/WBN.

The TVA/WBN test data show that the overall system hot-spot occurred in the center
tray, not in the top tray. Based on this, one can infer that the insulating effects of
surrounding the center tray by the top and bottom trays combined with the effects of
radiant energy exchange between the powered trays was, in fact, the predominant
effect of the stacked configuration. It was also noted that even for this very simple
arrangement, just 3 trays with only 2 of the 3 powered, a 11.2% effective derating
impact was measured (see further discussion of this factor immediately below). It
would appear that the recommended practices in the ICEA/NEMA standards do not
adequately account for these test results.

A second insight can be gained by considering the effective ampacity derating impact
of this simple three-tray stack configuration. For test item 7.1 a baseline current of
29.5 A was measured (this is the value corrected for deviations from the nominal
temperature conditions). For test item 7.3 a corrected baseline current of 26.2 A was
measured. This change in limiting current corresponds to an effective ampacity
derating impact of:

ADF, ..oy = (1-.0 - %%) X 100% = 11.2%

Hence, the TVA/WBN tests have shown that the impact of placing one powered tray

above, and one unpowered tray below a uniformly loaded cable tray is on the order of
11.2% reduction in ampacity limits.

A third and final insight which can be gained from these test results is to consider the
measured ampacities in these two cases in comparison to the ICEA/NEMA open top
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cable tray ampacity limits. For this cable and the depth of fill used by TVA/WBN, as
discussed above, the nominal ampacity limit from the ICEA/NEMA tables is
approximately 27 A. As noted above, the measured ampacity for test item 7.1, the
single cable tray, was 29.5 A, showing that the ampacity tables do contain some
margin for this case. However, when the base ampacity for test item 7.3, the three
tray stack, is considered the ICEA/NEMA tables are found to be nonconservative.
That is, the measured ampacity limit of 26.2 A is slightly lower than the tabulated
value of 27 A. Again, given that this limiting factor was associated with the center
tray, even the ICEA/NEMA recommended practice of derating the top tray would not
have addressed this result.

3.3.3 Effects of Grouped Conduits

The effect of grouping conduits in close proximity is similar to the effect of stacked
trays. This effect can again be characterized by considering the results of the baseline
tests for test items 7.7 (the single conduit), 7.4 (the group of three conduits), and 7.5
(the group of six conduits). For these three test items, corrected ampacities of

33.03 A, 31.67 A, and 31.13 A were measured, respectively. Since each of the
conduits was nominally identical (both with respect to cable and electrical loading) the
results are directly comparable.

The data clearly show that the more conduits that are grouped together, the lower the
ampacity limit. However, it is also apparent that the effect is not as severe for
conduits as that which was noted for the stacked cable trays. The net derating impact
of the six conduit group in comparison to the single conduit can be estimated as:

ADF, ,,..p = (1.0 - g;—g) X 1008% = 5.8%

It is interesting to note that considerations is given to grouping of conduits in direct
burial situations, and in sitoations involving the installation of conduits in underground
duct banks. The ICEA/NEMA P-53-426 ampacity tables do provide for ampacity
corrections for configuration of this type, that is, for the installation of multiple
conduits in close proximity for direct burial or for multiple conduits enclosed in a
common underground duct bank. SNL has not pursued a direct comparison of the
TVA/WBN test results to these ampacity rating procedures as this is considered
outside the scope of the TVA/WBN submittal review efforts.
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4.0 SUMMARY OF REVIEW FINDINGS

The TVA/WBN tests of ampacity derating factors were all well planned and executed.
The utility has gone to extensive lengths to understand certain anomalous behaviors in
the original Phase 1 tests, and in its Phase 2-4 tests has explored unique conduit and
cable tray configurations which have provided new and valuable insights into the
physics of ampacity and ampacity derating. ’

The tests performed by TVA/WBN included single trays, multiple trays, single
conduits and multiple conduits in Thermo-Lag fire barriers. The results of these tests
have been summarized in tables provide in Section 3 of this report. Also documented
are various supplemental insights derived from this review effort. Note that the results
~ of the Phase 1 tests and in particular, the anomalous behaviors noted in those tests,
have been the focus of considerable prior USNRC review. Hence, this review has
focussed primarily on the Phase 2-4 tests.

As a result of this review SNL has identified only a three minor points about which
the utility should be asked to provide additional information:

Use of Steel Tray Cover Plate For test item 7.1 it is noted that a steel cover

plate was used as a part of the barrier system. Two points of clarification are
needed:
(1) The utility should be asked to verify that this cover plate was not in
place for the baseline test of item 7.1 (based on the test report, this is
clearly implied, hence, this is a question of verification only).
(2) It is not explicitly stated whether on not a similar cover plate was
installed as a part of the fire barrier system for test item 7.2, the cable
tray with a 3-hour fire barrier system. From the photographs provided,
it appears that this barrier system did not include the cover plate. The
utility should be asked to verify whether or not a cover plate was
installed as 4 part of the Test Item 7.2 fire barrier system.

Failure to achieve planned cure time for test item 7.3 The TVA/WBN test plan
called for a full 30 day barrier cure period before performance of the clad

ampacity tests. This cure period appears to have been allowed in all cases
except that of test item 7.3 of the Phase 2 tests. For this test item, the clad
ampacity test was completed 27 days after installation of the barrier system.
No measurements are provided of the barrier moisture level prior to or after
testing. Hence, the utility has not demonstrated that an adequate cure time was
allowed. Given that the cure time nearly achieved the 30 day planned period,
this is not considered a significant point of concemn. It is recommended that
the utility be asked to provide its own assessment of the shortened cure time
and to provide any measurements of the moisture content of the fire barrier
which may have been made for this test item.

Simultaneous testing of more than one item The TVA/WBN test procedures
included the testing of two different test articles simultaneously in the same test
enclosure. This practice, while not specifically prohibited in the P848 standard,
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may have influenced some of the temperature responses for the test articles. In
general, this is not considered a significant issue in the review of the
TVA/WBN tests. However, it is recommended that the utility be asked to 1)
describe the physical separations between its test articles, (2) discuss any
measures taken to ensure that direct radiative heat transfer did not occur
between the specimens, (3) describe the actual pairing of test items in both the
baseline and clad tests, (4) examine its test results in light of these observations
to determine if a patten of mutual influence for the simultaneously tested items
can be identified, and (5) provide its own assessment of how simultaneous
testing of test items may have influenced the test results.

As a part of this review SNL has also identified a number of supplemental insights.
These supplemental insights would not significantly impact the review and final
assessment of the TVA/WBN submittals. However, the TVA/WBN tests have
provided valuable new information which indicates certain areas of concem regarding
both the published ICEA/NEMA ampacity tables, and the IEEE P848 draft ampacity
derating test standard. The appropriate venue for resolution of these concemns is
considered to by the appropriate standards committees rather than TVA/WBN. These
areas of concern are as follows:

Simultaneous testing of test items As noted above, TVA/WBN performed

simultaneous tests of, typically, two test items in the same test enclosure. It is
recommended that the USNRC ask the IEEE P848 committee to address such
practices in the test standard. In particular, possible provisions which might be
included in the standard include (1) provide for minimum separation distances
to be maintained between test articles, (2) prohibit the placing of one test item
directly above another, and (3) require that an insulating panel be placed mid-
way between adjacent test items to prevent direct radiative exchange.

Effects of cable tray stacking and conduit grouping The TVA/WBN stacked
tray test results indicate that the effective ampacity derating impact of placing
one powered tray above, and one unpowered tray below a central powered
cable tray is on the order of 12%. It was also noted that the baseline ampacity
measured for the three-tray TVA/WBN stack was lower than the nominal
ampacity limits established in the ICEA/NEMA open top cable tray ampacity
tables. The test results indicate that (1) the practice of cable tray stacking can
significantly impact actual cable ampacity limits, even in the fairly simple and
limited configuration of the TVA/WBN tests, (2) that the ICEA/NEMA tables
may not contain sufficient margin to encompass this effect, and (3) that the
insulating and mutual heating effects of the surrounding cable trays appear to
be the predominant thermal effect rather than buoyancy driven heating of the
upper cable trays as implied in the ampacity tables (because the center tray was
the hottest of the three when tested). Similar changes in measured baseline
ampacity weré also noted for the tests involving grouped conduits as compared
to single conduits. It is recommended that the USNRC consider requesting that
the cognizant industry organizations update the published standards on cable
ampacity so that more explicit treatment of cable tray stacking and conduit
grouping are provided.
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FORWARD

The United States Nuclear Regulatory Commission (USNRC) has solicited the support of
Sandia National Laboratories (SNL) in the review of licensee submittals associated with
fire protection and electrical engineering. This letter report represents the third, and likely
the final, report in a series of review reports associated with a set of submittals from the
Watts Bar Nuclear Plant (WBN). These submittals deal with the assessment of ampacity
loads for cable trays and conduits protected by Thermo-Lag 330-1 fire barriers, and in
particular, with tests performed by Tennessee Valley Authority (TVA) to assess ampacity
derating factors for certain "special configurations” of the fire barriers at WBN. An initial
review report was prepared by SNL on April 5, 1996, and as a result the USNRC sent a
RAI to the licensee on August 29, 1996 requesting clarification of four items. On
February 21, 1997 a second report was completed to document the results of a SNL
review of the licensee response to this RAI. The documents were originally submitted by
the licensee in response to USNRC Generic Letter 92-08. This report addresses three
“special topics” in the context of the TVA submittals as related to (1) negative derating
factors and potential issues of transient dry-out, (2) bounding of untested conduit sizes,
and (3) testing of non-standard configurations. These three topics were specifically raised
in the USNRC SOW to SNL. This work was performed as Task Order 2, Subtask 1 of
USNRC JCN J2503.
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1.0 INTRODUCTION
- 1.1  Objective

In response to USNRC Generic Letter 92-08, the Tennessee Valley Authority (TVA)
Watts Bar Nuclear Plant (WBN) provided documentation of the licensee position
regarding ampacity derating factors associated with its installed Thermo-Lag 330-1 fire
barrier systems. SNL was requested to consider three “special topics” as a part of the
overall review process for the WBN submittals. These topics, as called out in the
Statement of Work for USNRC JCN J-2503, Task Order 2, Subtask 1 are as follows:

- “Explain the scientific basis for the negative ampacity derating [i.e., Ampacity
Correction Factors (ACF) > 1.0] test results reported in the TVA Final Report
(citation provided). Does these negative derating factors result from experimental
errors or a flaw in the test methodology? Whit is the possibility that these results
occur due to ‘transient dryout’ as described in the August 26, 1994 staff
memorandum on this subject?”

- “Section 4.2.3 of the Draft 12 of IEEE P-848 which states, ‘Conduit ampacity
tests shall utilize 2 and 4-inch rigid steel conduits. Tests conducted using these
two sizes shall be considered representative of all sizes provided that the fire
protective system installation methods and configurations are consistent across the
entire size range.” Given the wide ranges of ampacity derating factors provided in
the test results what is the technical basis that the ACF selected are independent of
conduit size. Please describe how the other conduit sizes (e.g. 3/4" and 5S-inch
conduit sizes) are bounded by the ampacity derating test results.”

- “Are the licensee test results achieved for those Watts Bar configurations (i.e.,
denoted ‘non-standard’) which differ from those configurations specified in IEEE
p-848 acceptable for use?”

The purpose of this report is to specifically respond to these three topics.
1.2 Summary of Review Findings

SNL recommends that the TVA/WBN tests be accepted, even given consideration of the
three specific points identified above. Indeed, SNL finds that the TVA/WBN tests were
performed in an exemplary manner, and have been thoroughly documented. No
discrepancies in the test protocol or results were noted by SNL that might call the results
into question. With regard to the three points identified above:

-~ No evidence of transient dryout was noted by SNL. An alternate explanation
for the negative ADF values is discussed below. While transient dryout is a
legitimate potential concern, the TVA/WBN test articles were all subject to
extended cure times. Hence, it is unlikely that transient dryout had a
significant impact on the test results. SNL recommends that the TVA/WBN
test results be accepted.



SNL recommends that the IEEE P848 specification that 1" and 4" conduit
samples will be considered representative of all trade sizes is an acceptable
practice. The 4" conduit should, in fact, bound the anticipated ADF for
larger conduit sizes given an equivalent fire barrier installation. While the 1"
conduit will not truly bound the smaller conduit sizes, the differences in ADF
should be insignificant.

SNL recommends that the USNRC accept the practice of testing non-
standard configurations using the IEEE test protocol provided that all of the
other critical aspects of the test standard are adhered to (instrumentation and
monitoring, ambient environment, verification of steady state conditions,
documentation, etc.), as did the TVA/WBN tests. It may be prudent to
approach the IEEE committee to request that the standard provide some
discussion of best practices in the testing of unique configurations.



2.0 NEGATIVE DERATING FACTORS AND TRANSIENT DRYOUT
2.1 Introduction

In certain of the TVA tests on conduits, the ampacity derating test indicated that the fire
barrier had actually increased the ampacity limit of the cables as compared to the baseline
conduit. This is not the expected result. In its work statement to SNL, the USNRC
requested that SNL address the technical validity of these test results, and in particular, to
assess the possibility that transient dryout of the fire barrier system may have
compromised the tests.

The sections which follow will address these specific points of potential concerns. Section
2.2 will discuss the issue of transient dryout both from a general theoretical standpoint and
from the standpoint of the TVA/WBN tests. Section 2.3 will discuss briefly other factors
that could explain the negative ADF findings. Section 2.4 will summarize SNL’s
recommendations in this regard. ‘

2.2 Technical Aspects of the Dryout Problem

The fire barrier material Thermo-Lag 330-1 comes in two forms; namely, a pre-cured
panel or conduit shaped section and an un-cured trowel grade form. Typical installations
include the use of both material forms. The full installation process includes a cure time
during which the trowel grade material drys and hardens to its final form much like plaster
or concrete. This process is said by the manufacturer to take approximately 30 days for
full curing.

Because of this behavior, there is a potential that the failure to fully cure a specimen prior
to ampacity testing might compromise the test results. That is, if during the ampacity test
there is a significant amount of moisture released by an un-cured fire barrier systems, then
the results of the test might be affected in an undesirable manner. This is because the
released moisture would carry heat away from the test article in a manner that would not
be expected of a fully cured actual installation. The presence of this extra mode of heat
loss would tend to increase the measured clad case ampacity; hence, it would reduce the
estimated derating impact, a non-conservative effect.

Transient dryout of an ampacity test specimen could indeed impact the test results
depending on the quantity of water available for release, the rate of release, and the
duration of the water release. Initially, the water is present in the un-cured fire barrier in
the liquid phase. However, as dryout occurs the water is liberated as water vapor. In the
liquid-vapor transition process the water absorbs heat equal to the heat of vaporization,
and this heat is then carried away from the test article by the water vapor. If there is a
sufficient rate of water loss, then the amount of heat carried away by the vapor could be
significant. At one atmosphere pressure, the latent heat of vaporization of water is 2.26
kJ/gram. Hence, a small amount of water does have the potential to carry away a
significant amount of heat. The questions that must be answered in practical cases are (1)
how much water is available to begin with, and (2) might water loss represent a significant



factor in the overall heat transport problem. These questions will be discussed in the
following subsections. ‘

2.2.1 How Much Water is Available

SNL cannot definitively determine the quantity of water which might be present in any
given test article at the time of ampacity testing due to the following uncertainties:

-~ The initial water content of uncured Thermo-Lag is not known to SNL (the
formulation is TSI proprietary information). Based on our own experience,
the initial water content is probably on the order of 25% by volume or less.

- The available water will be present only due to the use of trowel grade
material because the panels and pre-formed conduit sections are fully cured
prior to installation. In particular, it will be any trowel grade that is applied
as a final overcoat that will be of most significance because it is this exposed
material that will most readily lose water during an ampacity test. However,
the amount of trowel grade used will vary considerably depending on the
details of the installation.

—  Alltest articles are cured for some significant period of time prior to testing.
Throughout this process the moisture content will decrease, although the rate
of decrease is unknown and will likely be impacted by various installation
details. The manufacturer recommends a 30-day period for full curing. SNL
is unaware of any specific concerns having been raised regarding this value.

In section 2.2.2 below SNL has considered a conservative case example in which a water
content was assumed to illustrate the potential impact.

2.2.2 Significance of Water Loss

It is possible for the loss of water from the test article during testing to have a significant
impact on the ampacity test results. However, under most realistic circumstances the
impact is likely negligible. To illustrate a “worst-case” potential impact, SNL has
considered a single case example. This case involves a postulated 4" conduit with 3-1/C
750 MCM cables protected by a nominal 5/8" fire barrier. An upgrade comprised of a
total 1/4" thick trowel grade overlay is assumed to have been installed. A very
conservative analysis of this case is as follows:

—  If we assume a 4" standard conduit (4.5" OD), a 1/8" air gap between the
conduit and the barrier, a 5/8" thick barrier, and a 1/4" overlay, then the
overall outside diameter of the system will be 6.5".

—  The outer layer of 1/4" thick trowel grade material will represent a volume
equivalent to about 59 cubic inches of material per foot of conduit (or
9.65%10™ cubic meters per foot of conduit).



If we assume that at the start of the test 10% of this volume is water that
might be liberated during the test, then this implies 5.9 cubic inches (9.65E-3
m®) of water per foot of conduit.

The density of water is ﬁpproximately 1000 kg/m®. The latent heat of
vaporization is 2.26 kJ/g. Hence, this volume of water has the potential to
carry away a total heat load of 218 kJ per foot of conduit.

If this heat loss is spread out evenly over a period of 24 hours, the minimum
duration of a typical ampacity test, then the rate of heat loss would be 2.5
watts per foot of conduit.

In comparison, the SNL baseline case analysis for this case revealed a
baseline cable heating load of about 20 watts per foot (based on the
estimated baseline ampacity of 600 amps). Hence under these conditions the
water loss could be significant (on the order of 12% of the baseline cable
heating load).

This case example is highly speculative and is likely quite conservative for most real
applications. The following factors would tend to reduce the actual impact in practice:

The moisture content at the outset of the test may be much lower than that
speculated here. In the specific case of TVA/WBN a full 30 day or longer
cure period was allowed for all specimens, and hence, the moisture content
of the outer layers was probably on the order of 1% rather than 10%.

Not all of the moisture may actually be liberated during the test. Thermo-
Lag is not very porous and tends to cure from the outside-in. Hence, at the
time of testing an outer “crust” of fully cured material would likely block
moisture passage. The above analysis assumes that elevation of the test
article temperature will sharply increase the cure rate. This may not be at all
realistic, especially given that the typical outer barrier surface temperature
measured in testing is only about 50-55°C as compared to a typical ambient

* cure environment of 30-40°C. Hence, much of the water present at the

outset of the test may remain at the close of the test as well.

The duration of the test may be significantly longer than 24 hours. This
would require that the loss be spread out over a longer time period, and the
net impact of water loss would be reduced.

The assumption that the moisture would be liberated at a uniform rate
throughout the test is not realistic, but rather, is a conservative
approximation. The critical time during the test is the final data logging
period, typically the I-to-3 hour period of final data recording. In reality,
even given that significant moisture might be released, the rate of release is
likely to decrease throughout the test as the test article becomes



progressively drier. The assumption of uniform release rate does not reflect
this.

- A conduit would be a more conservative configuration in this context than
would other potential configurations such as a cable tray or air drop. This is
because (1) the heat intensity of the cables is lower for a conduit than for
other typical applications due to the added heat transfer effects of the conduit
and air gap and (2) the conduit system has a larger external surface area per
unit of heat load than would other typical systems. Hence the combination of
a large surface area (and volume of trowe! grade material assumed) with a
low cable heating load would tend to maximize the relative importance of
water loss.

Given these factors, it is anticipated that under most realistic circumstances, the relative
importance of the water loss would be much lower than the above estimate (that is, much
less than 12% of the overall heat load). More specifically, the impact of water loss on the
TVA tests was likely negligible. One key factor in this assessment is the fact that the
TVA/WBN test articles all underwent a full 30 day cure period (or longer). Hence, the
water content of the exterior layers of trowel grade was likely quite low to begin with. If
the same analysis was repeated with an assumption of a 1% water content, then the total
impact would be only about 1% of the total heat load. In the context of the ampacity
derating results, this is a negligible effect.

2.3 Altenate Technical Explanations of Negative ADF Results
2.3.1 Conduits are Unique

It is possible to get a negative derating impact for a conduit test article due to other
factors besides transient dryout. In particular, conduits are unique in comparison to either
cable trays or an open air configuration because the conduit itself represents a thermal
barrier between the cables and the ambient even in the baseline condition. In fact, a
relatively severe ampacity penalty is already imposed in the baseline case due to the
presence of the conduit itself. For the conduit, the addition of a fire barrier system
represents the addition of a second thermal barrier on top of the already present conduit.
Hence, the relative impact on the conduit ampacity limits should be lower than a
comparable installation on a cable tray or air drop. This is expected, and has been
consistently demonstrated in testing. :

2.3.2 The Importance of Emissivity

When considering the results of a conduit ampacity derating test, there is one factor that is
especially important. That is the emissivity of the conduit versus that of the fire barrier
system. This factor determines the efficiency of the radiative heat transfer process. The
lower the emissivity, the less heat will be lost through thermal radiation. Conduits will
exhibit a very wide range of emissivity. Handbooks will cite values for galvanized steel as
low as 0.1, and in practice, TVA measured emissivity values ranging from 0.3 to 0.8 for
its own conduits.



The importance of emissivity was clearly illustrated by certain aspects of the TVA tests.
In particular, the licensee found that when two sections of conduit chosen randomly from
the available stocks were joined to form a test article, the cable response temperatures
were quite different depending on whether the measurement site was in one conduit
section or the other. This effect was explored in some detail, and was finally attributed to
differences in the surface emissivity of the conduits. This seemingly minor difference had
a significant impact on the cable temperatures.

In the current context, conduit emissivity is very important to understanding an accepting
the TVA/WBN test results. For ampacity derating, the primary question being answered it
the relative change in ampacity due to addition of the fire barrier. Hence, the relative
change in the heat transfer behavior is the dominant effect. In the case of the conduits,
one of the most significant changes is the change in surface emissivity of the outer-most
surface of the system, that surface that is ultimately responsible for dumping the excess
heat to the ambient. For the baseline case, the outer-most surface is the conduit. For the
clad case, the fire barrier is the outer-most surface.

In the specific case of the TVA/WBN tests, this change is especially important. This is
because TVA installation procedures requires that the gap between the conduit and the
inside of the fire barrier be filled. This means that the conduit emissivity has essentially no
role in the clad case heat transfer behavior (when a gap remains, the conduit emissivity
does play a minor role in the heat transfer). This has amplified the effect of changes in
outer surface emissivity for the TVA tests. Hence, of all tests reviewed to date, it is most
plausible that the TVA/WBN tests might have appropriately yielded a negative conduit
ADF in some cases.

As noted above, the emissivity of the conduit may range from 0.1 for a very shiny and
clean conduit to 0.8 for a dirty or tamished conduit. Thermo-Lag is typically assumed to
have an emissivity of about 0.9 because it is a flat (matte) surface. Hence, a change from a
very low emissivity (0.1) in the baseline case to a very high emissivity (0.9) in the clad

case is possible. This would imply a nine-fold increase in the efficiency of thermal
radiation. For a typical test article, as much as 60-70% of the overall heat loss may be
accounted for by thermal radiation. In the case of a baseline conduit, radiation may only

account for 20-30% of the overall heat transfer. This is a very significant change in the
thermal behavior.

2.3.3 The Net Effect

When Thermo-Lag is installed over a conduit, there are two competing processes
introduced. First is the increased efficiency of thermal radiation as discussed above.
Second is the decreased rate of heat transfer due to the insulating effect of conduction
through the fire barrier. The ultimate ADF will depend on how these two competing
effects balance in the final analysis. It is plausible that under certain circumstances, the
effect of increased thermal radiation more than offsets the effect of increased insulation.
In these cases, a negative ADF could be found.



Past modeling efforts have also illustrated the potential for this affect to be observed.

The case previously considered by SNL was, in fact, based on the TVA/WBN 1" conduit
test configurations. In these calculations, the baseline case heat load was estimated at
13.6 W/m as compared to a clad case estimated heat load of 15 W/m. This implies a
negative derating factor. The primary difference was the radiative contribution which was
just 2.3 W/m for the baseline, but jumped to 8 W/m in the clad case analysis.

24  Summary and Recommendations

SNL was asked to assess the possibility that the TVA/WBN tests were compromised by
some experimental discrepancies, including the potential issue of transient fire barrier
dryout, and that the negative ADF values obtained for certain conduits might be an artifact
of those discrepancies. No specific elements in the TVA test program, other than the
potential transient dryout issue, were identified by SNL that might call the test results into
question. Indeed, SNL finds that the TVA/WBN tests were performed in an exemplary
manner, and have been very clearly and extensively documented. Calculations did
demonstrate that under conservative conditions, transient dryout could indeed
compromise the integrity of an ampacity test. Hence, it is important that ampacity test
articles be fully cured prior to testing. In this regard, SNL would recommend that all
Thermo-Lag ampacity test articles should adhere to the full 30-day cure period
recommended by the manufacturer. All of the TVA test items in question appear to have
allowed for at least a 30-day cure, and in some cases experienced significantly longer cure

periods.
' While it is impossible to state conclusively the no transient dryout took place, given the
long cure periods, SNL concludes that transient dryout was not a significant factor in the
- TVA/WBN tests. Further, an alternate technical explanation for the negative ADF results
was tendered, and calculations show that a negative ADF is legitimately possible. Hence,
SNL recommends that the TVA/WBN tests be accepted.

., 'See discussion in Appendix I1I (bottom of page 53) of the SNL letter report “Fire
‘ Barrier System Cable Ampacity Derating; A Review of Experimental and Analytical
Studies,” forwarded under cover S. P. Nowlen, SNL, to R. Jenkins, USNRC/NRR/EELB,
August 25, 1995 (work performed under USNRC JCN J-2018, Task Order 2).



3.0 BOUNDING OF CONDUIT SIZES
3.1 Introduction

The IEEE P848 test standard states that two sizes of conduit should be tested, 1" and 4".
The standard then states that “Tests conducted using these two sizes shall be considered
representative of all sizes provided that the fire protective system installation methods and
configurations are consistent across the entire size range. Where the installation methods,
configurations, or fit differ according to conduit size the user shall test sizes to bound the
specific application.” SNL was asked to consider the technical basis for these statements
and to assess their acceptability.

3.2 General Considerations

As noted above, IEEE P848 specifies that 1" and 4" conduits should be tested. In
undertaking this discussion, we must acknowledge that some limited selection of standard
configurations needs to be specified in a standard of this type. It is simply not practical to
require testing of the full range of potential test objects in such a standard test procedure.
Thus, the point to be addressed whether or not the 1" and 4" conduit test results are either
conservative or representative when applied to trade sizes outside the test range.

In this context it is important to note that the standard does not state that 1" and 4"
samples will bound other sizes, but rather, that they will be considered representative of
other sizes provided the barrier is essentially the same. This may appear to be a rather
subtle distinction, but is important. To truly bound the applications, the very largest and
very smallest conduits would have to be tested, or one would have to demonstrate by
some means (testing or analysis) that the chosen standard configurations were, in fact, the
most conservative. In contrast, “representative” simply implies that the results of the tests
would not be severely impacted if a smaller or larger conduit were to be tested.

The following SNL assessment will consider both of these approaches. That is, we will
demonstrate that (1) the 4" conduit test should, in fact, bound the impact for larger
conduits, and (2) only a very modest and insignificant change in ADF should be
anticipated for conduits smaller than the standard 1" sample.

3.3  Thermal Modeling to Assess the Impact of Conduit Size

As a part of past efforts, SNL has implemented a simple thermal model to assess conduit
derating. In an effort to assess the non-standard configuration questions, SNL exercised
this thermal model to determine whether or not a significant error might be anticipated in
the application of the 1" and 4" test results to conduits of 3/4" and 5" or 6" diameter.

The basic thermal model has been implemented using the commercial software package
MATHCAD. The model incorporates modern and widely accepted heat transfer

?This provision was included in Draft 12 of the standard (that cited by TVA/WBN) and
was retained in the final published version of the standard as well.
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correlations, and is quite simple to use. It has been validated by comparison to both the
standard ampacity tables for the baseline case and by comparison to ampacity derating test
results (this is not the primary point of this discussion, hence, an extensive discussion of
validation will not be undertaken here).

SNL has explored a number of sample cases. The objective was to compare the predicted
results for a 4" conduit to those for a larger conduit, in this case 5" and 6", and to
compare the predictions for a 1" conduit to those for a smaller 3/4" conduit. The results
are illustrated in Tables 3.1 and 3.2 respectively.

For the larger conduits, the results indicate that ADF actually decreases with increasing
conduit size, all factors otherwise remaining fixed. This includes cases where the exact
same cable fill is assumed for each conduit, those cases illustrated in the table, and
additional cases where the cable fill for the larger conduits was increased in order to
maintain approximately the same relative fill. Based on these results, SNL recommends
that the testing of a 4" conduit will, in fact, bound the corresponding ADF impact for a
larger conduit.

In the case of the smaller conduits, the same trend was observed. That is, ADF did tend
to decrease with increasing conduit diameter. However, in this case the changes were
quite small, and would not be considered significant. Hence, while the 1" conduit will not
truly bound the smaller conduits, the level of error will be quite small. Hence, SNL
recommends that tests of a 1" conduit be accepted as representative of the smaller conduit
sizes.

34 Conclusions and Recommendations

The IEEE P848 standard calls for the testing of 1" and 4" conduits and states that the
results will be considered representative of other conduit sizes. SNL recommends that this
test practice be accepted. In particular, SNL recommends that the TVA/WBN tests be -
accepted as representative results applicable to all conduit sizes as specified in the
standard.
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Table 3.1: Results of thermal model for large conduits, 3"-6" trade size, illustrating that
ADF impact decreases with increasing conduit size.

Configuration information:

cable fill: 3-1/C 750 MCM Cu cables for all cases

fire barrier: 5/8" nominal Thermo-Lag 330-1; cases 1 and 2 assume 1/16" air gap
between conduit and barrier, case 3 assumes no air gap.

conduit emissivity: cases 1 and 3 assume 0.33, case 2 assumes 0.8.

Conduit Diameter: Case 1 ADF Case 2 ADF Case 3 ADF
3] 9% 16.6% 1.35%
4" 9.1% 15.8% 1.40%
5" 8.4% 15.0% 130
6" 1.8% 14.3% 1.14%

Table 3.2: Thermal modeling results for small, 1" and 3/4", conduits illustrating that
impact of conduit size is quite minor. All cases assume a nominal 5/8" Thermo-Lag
330-1 fire barrier with a 1/16" air gap and conduit emissivity of 0.33.

Case Cable Load Estimated ADF
Case Study 2: Identical 3/4" with 1-3/C #12 AWG cable 7.76%
ble load

cable Toas 1" with 1-3/C#12 AWG cable | 7.74%
Case Study 1: Roughly 3/4" with 1-3/C #12 AWG cable 7.76%
equivalent cable loads with

same size conductor 1" with 1-4/C #12 AWG cable 6.88%
Case Study 3: Roughly 3/4" with 1-3/C #12 AWG cable 7.76%
equivalent cable loads with

same conductor count 1" with 1-3/C #10 AWG 8.02%
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40 TESTING OF NON-STANDARD CONFIGURATIONS
4.1 Introduction

The TVA/WBN tests included the testing of a number of configurations that are not
consistent with the standard configurations of IEEE P-848. SNL was asked to consider
whether or not these tests should be allowed as a basis for ampacity derating assessments.

The discussions which follow are based on Draft 12 of the standard (P848/D12) because
this is the earliest draft cited in the TVA/WBN tests (some of the later tests cite draft 14).
Since completion of the TVA/WBN tests, the standard has been finalized and issued as an
IEEE standard. Where appropriate differences between Draft 12 and the final standard, or
the lack thereof, will be noted.

4.2  The IEEE Standard Configurations

The IEEE standard covers only a limited selection of “standard” test configurations.
These include the following items:

- Standard Cable Tray: The standard cable tray test article specified in
P848/D12 is comprised of a 24"x4" cable tray. The cable fill is comprised of
96 runs of a 3-conductor, jacketed, 6 AWG, copper conductor cablein a
specific three-layer fill configuration. Instrumentation stations are specified
at the center, and to each side of the center location.?

- Standard Conduits: P848/D12 specifies that Two sizes of conduit are to be
tested, a 1" and a 4" standard steel conduit. The cable fill specification is
somewhat more flexible and is to comply with NFPA-70. The number of
conductors is specified as 3.

- Air Drops: P848/D12 specifies that two air drops be tested. These are
comprised of 1-3/C #6 AWG cable and 3-1/C 750 kcmil cables respectively.®

3 This specification is identical to the final published standard.

4 The three-conductor configuration proved to be a problem due to inductive heating
and has been changed in the final standard. A specific cable fill for each conduit is now
specified to ensure an even number of conductors overall for each test specimen. The
TVA tests were in part responsible for this change, and the final TVA tests effectively
avoided the inductive heating problem.

5 The final published standard establishes two alternate cable drops. These are
comprised of 1-4/C #10 AWG cable and 12-3/C #6 AWG cables respectively. The change
(1) ensures an even number of conductors and (2) addressed experimental issues
associated with providing an ampacity source sufficient to power the 750 MCM cables.
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43  The TVA Non-Standard Configurations

TVA tested a number of non-standard configurations in its test program. These included
the following: ’

~  Cable Tray Stack: TVA tested a stack of 3 cable trays in a common
enclosure. Each tray was individually identical to that specified in the IEEE
P848 standard. In testing, only the top two trays were powered, and the
lowest tray was not (consistent with TVA practice of installing instrument
trays at the bottom of tray stacks).

-~ 3x] Conduit Array: TVA tested an array of conduits comprised of 3 conduits
in a single layer (row) protected by a common barrier. The tests included
both tight-fitting boxes and oversize boxes to bound the installation
configurations.

- 3x2 Conduit Array: TVA tested an array of conduits comprised of 6 conduits
in two layers (rows), one above the other, protected by a common barrier.
The tests included both tight-fitting boxes and oversize boxes to bound the
installation configurations.

44  Acceptability of the TVA/WBN Non-Standard Configuration Tests

The TVA/WBN non-standard configuration tests did deviate from the standard test
configurations. However, all other aspects of the tests were conducted consistent with
both the spirit and letter of the IEEE standard. In particular, all instrumentation,
monitoring, reporting, and analysis was conducted fully consistent with the standard. In
fact, TVA has gathered and reported a range of supplemental measurements that go well
beyond the test standard and will likely prove to be an invaluable industry resource in the
future. Further, the TVA tests fully adhered to all of the standard test provisions
regarding the exposure environment and ensuring that steady-state conditions had been
achieved. This is critical to SNL’s assessment.

In effect, TVA simply took a standardized test practice and applied it to some unique
cable installations for which estimates of the ampacity derating impact were required.
Only three potential paths to obtaining those ADF values are possible:

-  extrapolate from available test data,
-~  perform an analytical calculation, or
-~  perform a case-specific test.

Of these three the most accurate and reliable is to perform a case specific test, and this is

exactly what TVA/WBN did. Either of the altemnative methods would leave considerable
doubt and uncertainty.
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4.5  Summary and Recommendations

The TVA/WBN tests were performed in an exemplary manner. The test reports are both
complete and informative. No serious unexplained discrepancies were noted. With the
exception of sample configuration, all critical aspects of the test standard and acceptance
criteria were met. For these reasons SNL recommends that the USNRC accept the
TVA/WBN unique configuration tests.

SNL recommends that the IEEE P848 test standard be viewed in a broader context in
future applications as well. While it is true that no test standard can deal with all of the
unique configurations which might be encountered in practice, the standard could include
provisions for the testing of non-standard configurations. That is, the standard could
address unique configurations in a very general context indicating which sections of the
standard would still apply and outlining “best practices.” This would serve as a valuable
guide to future evaluations. It may be appropriate for the USNRC to approach the IEEE
standard committee and request that some provisions be set forth for performing unique
configuration tests.
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