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Inspection Report 354/96-03 identified two concerns relative to the interaction between
Emergency Diesel Generators (EDGs) and their associated fire suppression systems.
The first concern questioned the adequacy of the existing fire suppression system
detector setpoints with respect to the configuration of the ventilation system and lack of
information regarding air temperature stratification. The second concern involved a
postulated failure of the nonsafety-related fire suppression system affecting the ability
of the EDGs to perform their function. Details of PSE&G's response to these concerns
are contained in the attachment to this letter.
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ATTACHMENT

EVALUATION OF EDG/FIRE SUPPRESSION SYSTEM INTERACTION ISSUE
INSPECTION REPORT UNRESOLVED ITEM 354/96-03-04
HOPE CREEK GENERATING STATION
DOCKET NO. 50-354
LR-N9€296

I INTRODUCTION

At Hope Creek, each of the four emergency diesel generator (EDG) rocms is provided
with an automatic carbon dioxide total flooding system that is initiated either
automatically via heat detectors located within the compartment or manually through a
local panel. Fire dampers in the ventilation system supply and exhaust ducts of each
room close automatically to maintain carbon dioxide concentration when the system is
actuated. Closure of these dampers disatles the ventilation for the affected room and
the ventilation is no longer available to maintain the room temperature at the desired
level for EDG operation. Under these conditions, the affected EDG would be removed
from service if it is operating. If no fire has occurred, the EDG can be brought back into
service after the carbon dioxide has been removed from the room and the carbon
dioxide system and fire dampers have been reset

Inspection Report 354/96-03, dated April 26, 1996, documented two concerns relative
to interaction between the EDGs and their associated fire suppression systems. The
first concern is addressed in Section 1l below, and the second concern is addressed in
Section Ill below.

il R SETPOINT |
A. Description of Issue

The first of the two concerns was stated in the inspection report as follows:

“There was no assurance that the fire suppression system would not inadvertently
actuate in one or more of the diesel rooms, while the EDGs were running. The
configuration of the EDG room ventilation system, with intake and exhaust in the floor,
could limit air circulation in the ceiling. Only minimal margin existed between the bulk
temperature of the room and the actuation point of the fire suppression sensor (123°F
and 150°F, respectively when instrument loop errors are considered). A large quantity
of sensors was involved (28 for the four rooms) and there was no information regarding
sensor actuation points and room air temperature stratification "
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PSE&G Position

The detectors and their associated setpoints are appropriate for the expected
temperatures and thermal conditions of the EDG rooms and replacement of the existing
detectors is therefore not necessary. In addition, periodic verification of setpoints is not
necessary. Background information associated with this position is provided in Section
I1.C and the basis for the PSE&G position is provided in Section 11D

C.

Background Information

1. f Room Tem ure C itions and Associated Resul

a Description of Detector Temperature Study

PSE&G performed a study to determine the temperatures of the: therr !
detectors in each of the four EDG rooms. The study was conducted du ing the
sc*eduled monthly EDG runs using thermography (an infrared photo process) to
determine the actual surface temperatures of each of the 28 thermal detectors
(there are 7 detectors in each room). The study was completed in April for the
“‘C" EDG and in July and August for the “A", “B", and ‘D" EDGs. The accuracy of
the thermography equipment is plus or minus 2%

The thermography photos were taken prior to start of the EDGs, near the end of
the EDG runs, and after the EDG runs. Additional thermography was performed
on the "A" and “B" EDGs during the run periods to establish temperature stability
of the detectors (i.e. to assure the detector temperatures are at an equilibrium or
steady state temperature condition). When the decision to perform the
additional thermography was made, the thermography on the “C" EDG had
already been completed, and although the “D" EDG thermography had not yet
been conducted, sufficient time was not available to incorporate the additional
thermography into the scope of the test. However, it ' expected that the
temperature profile of the detectors in the “C" and “D" rooms during the EDG
runs would be very similar to the recorded temperature profiles of the detectors
in the “A” and “B” rooms. This is based on similar temperature measurements
for the detectors in all four rooms and on the similarity of the equipment,
equipment performance, components, room layout, room size, and ventilation
systems of all four EDG rooms.

A detailed recording of room air temperatures was performed during the ‘D"
EDG run to provide a general indication of room temperature behavior. This

20f9



Attachment LR-N96296
Evaluation of Unresolved Item 354/96-03-04

activity was performed only for the purpose of providing additional engineering
data and was not intended to replace or supplement the recording of detector
temperatures via thermography. A detailed recording of the air temperatures
was not performed for the A", “B", or “C" EDGs as room ternperature profiles
for these rooms are expected to produce similar results (all the EDG rooms are
similar in terms of room size, equipment layout, equipment performance, and
ventilation systems) The air temperature recordings for the “D” EDG were
taken from the elevated platform near the ceiling with air temperature readings
taken every 5 minutes

The temperatures remained relatively stable during the one to two hour EDG

runs. More detailed information on the temperature study results is provided
below.

b. Study Results for Period Immediately After EDG Start

The results of the thermography and air temperature readings indicate that a
rapid temperature drop occurs on the detectors within the first 10 o 15 minutes
of the EDG runs as a result of the ventilation start. The temperat ire drops for
detectors in the “A” EDG room were between 9.8°F and 14 3°F a1d, for the “B”
EDG room detectors, between 2. 9°F and 9.4°F. The air temper: ture recordings
in the “D" EDG room also identified the rapid drop in temperatu e during the
initial period of the EDG run.

c. Study Results for Period Immediately After Full Gener ator Load

The maximum temperature increase that occurred between he last reading
taken with the EDG in a “no generator load” condition and t 1e first reading
taken with the EDG in a “full generator load” conditicn was 1.4°F on one
detector in “B” EDG room (the other detectors in the “B" ED > room

experienced changes ranging from -2.3°F to 5.6°F during th s transition period).
Similar results were obtained for temperature measurements for the detectors in
the “A" EDG room with a maximum temperature increase of 7. . °F while the
generator was loading (the other detectors in the room experienc>d temperature
changes ranging from -1 .4°F to 2 3°F during this same time period).

d Study Results for Period Between Full Generator Load and End of Test

After the generator was loaded, the temperature of the A" room detectors
remained stable with detector temperatures fluctuating between a minimum
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change of -5°F and a maximum change of 4°F. During this period, the
temperature of the “B” room detectors remained stable with detector
temperatures fluctuating between a minimum change of -3°F and a maximum
change of 3 1°F. The air temperature recordings in the ‘D" EDG room also
identified that the temperature remained stable during this period of time.

The maximum temperature that a detector experienced during the “A" EDG run
was 99 8°F (101 8°F after incorporating instrument inaccuracy) while the
minimum temperature was 86 2°F (84 5°F after incorporating instrument
inaccuracy). The maximum temperature a detector experienced during the ‘B’
EDG run was 102° (104°F after incorporating instrument inaccuracy) while the
minimum temperature was 87 3°F (85 6°F after incorporating instrument
inaccuracy). Thermography for the “C" and “D" EDGs identified a maximum
detector temperature of 95 4°F (97 3°F after incorporating instrument
inaccuracy) at the end of the “C" EDG run and 99 5°F (101 .5°F after
incorporating instrument inaccuracy) at the end of the ‘D" EDG run.

e. Analysis of Results from the Temperature Study

The highest temperature recorded for a detector was 112°F (114.2°F after
incorporating instrument inaccuracy) prior to the start of the “C" EDG. The
highest temperature recorded for a detector during an EDG run was 102°F
(104°F after incorporating instrument inaccuracy) in the “‘B” EDG room. This
temperature was recorded with a corresponding SACS temperature for the
ventilation system at BO°F on the d=y of the test (SACS temperature was 80°F
for the “A", “B", and “D" EDGs and 58°F for the “C" EDG on the days the
thermography were performed).

Since the maximum design basis SACS temperature is 95°F determination of a
corresponding maximum detector temperature is required. A maximum detector
temperature has been conservatively estimated by establishing a linear
reiationship between changes in SACS temperature and changes in detector
temperature. Linear extrapolation is conservative because, as the temperature
of the room increases, heat transfer between the heat producing objects in the
room (the diesel engine and generator) and the detectors is reduced resulting in
less temperature change between the detectors and objects in the room at
higher temperatures. A linear relationship has been established between the
maximum 102°F (104°F after incorporating instrument inaccuracy) temperature
for a detector in the “B" EDG room at 80°F SACS temperature and the minimuim
76°F (74.5°F after incorporating instrument inaccuracy) temperature to: 2
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detector in the “C" Diesel room at 58°F SACS temperature. The equation used
is in the form y = ax + c where a = (change in detector temperature) / (change in
SACS) or (104-74 5)/(80-58)=1 341 and ¢=-3.2 The estimated maximum
temperature for a detector using this method is 124°F (with SACS temperature at
design basis maximum of 95°F). See the graph on Fage 9 of this attachment.

2 Nominal Rating of Detectors

The nominal rating of the EDG room UL listed thermal detectors is 160°F with
tolerances of +7 and -8°F as set by the manufacturer Therefore, the lowest
temperature setpoint for a detector is 152°F (160-8).

3. Requirements for and Experience with UL Listed Detectors

Fire detectors that are UL listed are know. to be very reliable because of the
extensive testing and listing process that they are required to pass. Detectors
are required to meat the requirements described in UL Test Standard No. 521
(UL-521) before the detector can be UL listed UL 521 contains numerous tests
that the detectors are required to pass including setpoint tolerances and setpoint
drift. In addition, UL requires manufactures to have a QA program to maintain
consistent detector performance. These reasonable measures are sufficient to
assure that the detectors will operate as required and expected, and as such,
the need to field test (verify) setpoints for restorable detectors is not practiced or
required by NFPA 72 (“Nationa! Fire Alarm Code").

This practice is consistent with past experience with UL listed thermal detectors
by many utilities (users). This experience indicates no generic problems or
concerns regarding setpoint drift in UL listed thermal detectors. The basis for
this statement is that there are no known information notices, bulletins, recall
notices, code changes or other publications identifying detector setpoint drift as
a generic problem requiring additional considerations

Basis for PSE&G Position

The results of the room temperature study conducted by PSE&G verifies the
acceptability of the 160°F thermal detector setpoints for the carbon dioxide
systems in the ECG rooms. The difference between the lowest detector setpoint
of 152°F and the highest temperature a detector may reach is 152°F - 124°F or
28°F. A 28 degree margin between the maximum temperature a detector may
experience and the setpoint of that thermal detector provides sufficient margin to
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assure against false actuation. Also, the 28 degree margin is well within the
industry practice of using a temperature margin of 20 to 35 degrees for detector
setpoints relative to the maximum temperature to which the detector may be
subjected.

PSE&G's position that a test program is not needed to validate the thermal
detector setpoints is based on the reliability of UL listed detectors as
demonstrated by industry performance and data.

. PP | M/ INTERACTION |

A. Description of Issue
The serond of the two concerns was stated in the inspection report as follows:

"Although the fire suppression system and the dampers had been seismically qualified,
the use of nonsafety-related sources did not assure that source failure, such as a
voltage transient (e.g., overvoltage) or a hot short, somewhere in the non-Q system
could not inadvertently shut down the ventilation or isolate an EDG room "

An initial analysis of this concern was performed prior to the issuance of the inspection
report. The inspection report identified the following regarding that analysis:

" .. although hot shorts were discussed, a hot short of relay 3ZZ was not addressed.
Similarly, transients on the nonsafety-related sources were not evaluated. A detailed
evaluation of failure modes of nonsatety-related components and systems that interact
somehow with safety-related components and systems is Appendix B program and their
failure in any mode during an event, should be assumed. This is the basis for the 10
CFR 50, Appendix A, Criterion 3 requirement regarding interactions between safety-
and nonsafety-related systems and the assurance that an interaction does not exist that
could prevent a safety system from performing its accident mitigation function "

B. PSE&G Position

The design of the EDG fire suppression system is adequate and no modifications to the
system are necessary. Background information associated with this position is
provided in Section Ill.C and the basis for the PSE&G position is provided in Section
H.D.
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C.

Background Information

1. Draft Safety Evaluation Report Open Item on Fire Suppression

System EDG Interaction

Inadvertent actuation of fire suppression systems and the associated impact on
safety-related equipment was an issue during the Hope Creek licensing process
and was tracked as draft safety evaluation report (DSER) Open Item 243

The response to DSER Open Item 243 was provided by PSE&G in a letter dated
September 13, 1984 The rezronse for the EDG rooms indicated that an
inadvertent actuation of the fire suppression system in one of the EDG rooms
would not affect any of the other EDGs and that shutdown of the plant requires
only two EDGs in the same mechanical division.

The NRC subsequently documented their review of this response in Section
8.3.3.1.3 of Hope Creek safety evaluation report (SER). Section 8.3.3.1.3,
"Protection or Qualification of Class 1E Equipment From The Effects of Fire
Suppression System”, states that the results of a single failure analysis had
been provided that indicates that, with an inadvertent actuation resulting in loss
of the Class 1E equipment in an EDG room, sufficient Class 1E equipment
remains to safely shut down the plant with an additional independent single
failure. On the basis of the results of this analysis, the NRC concluded that the
design met the requirements of GDC 17 and was acceptable.

2. Applicable Licensing Basis Commitments

The Hope Creek electrical power system is designed to comply with IEEE 379-
1972, "IEEE Trial-Use Guide for the Application of the Single-Failure Criterion to
Nuclear Power Generating Station Protection Systems”, as endorsed and
modified by Regulatory Guide 1.53 and with the revised Sections 5.2 through 5.5
of IEEE 379-1977, "IEEE Standard Application of the Single Failure Criterion to
Nuclear Power Generating Station Class 1E Systems." Hope Creek also
complies with IEEE 308-1974 “|IEEE Standard Criterion for Class 1E Systems for
Nuclear Power Generating Stations” as endorsed and modiiied by Regulatory
Guide 1.32 subject to the clarification of specified positions. Hope Creek took
exception to the requirements of Paragraph C.7.i of BTP CMEB 9.5-1. The basis
for this exception is documented in UFSAR Section 9 5 1.6 30 and was accepted
by the NRC as documented in SER Section 9.5.1.
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D.

3. en | on of the Ca ility to Shutdown with Different
Combinations of EDGs

PSE&G has subsequently docketed information relative to the capability to
shutc'awn the plant with various EDG combinations in justifying the extended
allowed out of service times for the “C" and “D" EDGs Although the September
13, 1984 letter indicated that shutdown of the plant requires only two diesel
generator units in the same mechanical division (i.e., "A" and “C" or “B" and “D"),
additional analysis has shown that the plant can be shutdown under LOP
conditions with any two EDGs as long as one of the two is the “A” or “B" EDG
(e, "A" and "B", "A" and “D" or “B" and “C" are also acceptable combinations).

4. ro ility Info ion

A probabalistic safety assessment analysis has been performed to further
support the acceptability of the dncketed position provided by PSE&G in 1984.
The probability of a LOP concurrent with an inadvertent actuation of an EDG fire
suppression system concurrent with an additiona! single failure that results in
both the “A" and “B" EDGs being unavailable is 2.5E-7 per fuel cycle
(approximately one occurrence per 6 million years)

BASIS FOR PSE&G POSITION

Various documents include requirements and guidance associated with design of fire
suppression systems and the impact of their inadvertent actuation on safety-related
systems. Hope Creek is in compliance with its design and licensing basis for the EDG
fire suppression system which includes docketed exceptions to provisions contained in
some of the governing documents. PSE&G's position is that the design remains
acceptable as is and that the basis for the exceptions remains valid
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