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In order to achieve a consistent systematic response from licensees to
the SBO rule and to expedite the staff review process, NUMARC deve' ed two
generic response documents. These documents were reviewed and enoursed (13)
by the NRC staff for the purposes of plant specific submittals. The documerts
are titled:

o "Geueric Response to Station Blackout Rule for Plants Using
Piternate AC Power," and

2. “Generic Response to Station Blackout Rule for Piants Using AC
Independent Station Blackout Response Power.®

A plant-specific submittal, using one of the above generic formats,
provides only a summary of results of the analysis of the plant's station
blackout coping capability. Licensees are expected to ensure that the
baseline assumptions used in NUMARC 87-00 are applicable to their plants and
to verify the accuracy of the stated results. Compliance with the SBO rule
requirements 1s verified by review and evaluation of the 1icensee’s submittal
and au. it review of the supporting documents as necessary. Follow up NRC
inspections assure that the licensee has implemented the necessary changes as
required to meet the SBO rule.

In 1989, a joint NRC/SAIC team headed by an NRC staff member performed
audit reviews of the methodology and documentation that support the licensees’
submittals for several plants. These audits revealed several deficiencies
which were not apparent from the review of the licrnsees’ submittals using the
agreed upon generic response format. These deficiencies raised a generic
question regarding the degree of licensees’ conformance to the requirements of
the SBO rule. To resolve this question, on January 4, 1990, NUMARC {ssued
additional guidance as NUMARC 87-00 Supplemental Questions/Answers (14)
addressing the NRC’'s concerns regarding the deficiencies. NUMARC requested
that the licensees send their supplemental responses to the NRC addressing
these concerns by March 30, 1990.



2.0 REVIEW PROCESS

The review of the licensee’s submittal is focused on the following areas
consistent with the positions of RG 1.155:

A Minimum acceptable SBO duration (Section 3.1),
B. SBO crping capability (Section 3.2),

Es Procedures and training for SBO (Section 3.4),
D. Proposed modifications (Section 3.3), and

s Quality assurance and technical specifications for SBO equipment
(Section 3.5).

For the determination of the proposed minimum acceptable SBO duration,
the following factors in the licensee’s submittal are reviewed: a) offsite
power design characteristics, b) emergency AC power system configuration, ¢)
determination of the emergency diesel generator (EDG) reliability consistent
with NSAC-108 criteria (9), and d) determination of the accepted EDG target
reliability. Once these factors are known, Table 3-8 of NUMARC 87-00 or Table
2 of RG 1.155 provides a matrix for determining the required coping duration.

For the SBO coping capability, the licensee’'s submitta) i1s reviewed to
assess the availability, adequacy and capability of the plant systems and
components needed to achieve and maintain a safe shutdown condition and
recover from an SBO of acceptable duration which is determined above. The
review process follows tne guidelines given in RG 1.155, Section 3.2, to
assure:

a. availability of sufficient condensate inventory for decay-heat
removal,



b. adequacy of the class-1E battery capacity to support safe
shutdown,

¢ availability of adequate compressed air for air-operated valves
necessary for safe shutdown,

d. adequacy of the ventilation systems in the vital and/or dominant
areas that include equipment necessary for safe shutdown of the
plant,

e. ability to provide appropriate containment integrity, and

f. ability of the plant to maintain adequate reactor coolant system

inventory to ensure core cooling for the required coping duration.

The Vicensee's submittal is reviewed to verify that required procedures
(f.e., revised existing and new) for coping with SBO are identified and that
appropriate operator training will be provided.

The licensee's submittal for any proposed modifications to emergency AC
sources, battery capacity, condensate capacity, compressed air capacity,
ventilation system, containment isolation integrity and primary coolant
meke-up capability is reviewed. Technical specifications and quality
assurance set forth by the licensee to ensure high reliability of the
equipment, specifically added or assigned to meet the requirements of the SBO
rule, are assessed for their adeguacy.

The Ticensee’'s proposed use of an alternate AC power source is reviewed
to determine whether it meets the criteria and guidelines of Section 3.3.5 of
RG 1.155 and Appendix B of NUMARC 87-00.

This SBO evaluation is based upon the review of the licensee’s
submittals dated April 16, 1989 (10), and March 30, 1990 (12), May 17, 19%0
(15), a telephone conversation with the licensee on February 20, 1291, the
licensee’s response to questions raised during the telephone conversation
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3.2

Based on the above, the offsite power design characteristic of the
Clinton site is "P1" with a minimum required SBO coping duration of four
hours.

Alternate AC (AAC) Power Source
Licensee’'s Submitta)

The licensee stated that the Division-11] emergency diesel generator
which provides power fer the High Pressure Core Spray (HPCS) will be
used as an AAC power source. The licensee added that the AAC power
source meets the criteria specified in Appendix B to NUMARC 87-00, is
available within 10 minutes of the onset of an SBO event, and has
sufficient capacity and capability to operate systems necessary for
coping with an SBO for a 4-hour duration to bring the plant to and
maintain it in a hot-shutdown condition.

Review of Licensee’s Submittal

The proposed AAC power source, the Division-I11 EDG, has the capability
and connectability to power the KPCS pump and its associated systems
with minimal excess capacity. The Division-111 diesel only supports its
dedicated bus and it is not connectible to the other divisions of
emergency buses. In addition, the licensee did not propose any
modifications to use the excess capacity of this diesel to augment its
ability to cope with an SBO event. Therefore, the Division-..l EDG is
not an AAC power source.

Station Blackout Coping Capability

The plant coping capability with an SBO event for the required duration

of four hours is assessed with the following results:
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The licensee needs to ve ify that the use of the suppression-poo)
water as the only source of condensate fs the bounding case during
an SBO event. In addition, the licensee needs to verify that, if
the RCIC storage tank water were used, the suppression-poo) water
level would not exceed the maximum allowable level.

Class-1E Battery Capacity
Licensee’s Submittal

The licensee stated that the Divisfon-111 EDG energizes its
division battery chargers and that the Division-1 and 11 class-1f
batteries have sufficient capacity to meet station blackout loads
for four hours provided that loads not necessary to cope with an
SBO are stripped. The loads to be sh.. are identified in a
procedure as are instructions for the operators to complete the
load shedding within one hour.

In response to the questions raised during the teiephone
conversation on February 20, 1991, the licensee provided (16)
additional information on its battery calculations and the loads
which will be stripped. The licensee stated that the stripped
Toads will not remove power from any of the instruments needed to
monitor the containment/drywell during the event. Many of the
instruments provide their input to the analog trip modules (ATMs).
The ATMs are powered by the nuclear system protection system
(NSPS) inverters, which are not stripped from their DC bus. The
licensee noted that although the ATMs are located in panels which
have their DC power removed by the load shedding process, this
will not affect the operation of the instrumentation. For the
battery calculations, the licensee used an aging factor of 1,25, a
design margin of 1.00, and a minimum electrolyte temperature of
65°F. The licensee calculated that, at the end of the 4-hour SBO
event, the battery capacity remaining for the Division-1 and -11
batteries would be 2.4% and 17.0%, respectively.

12




Review of Licensee’'s Submittal

As a result of the telephone conversation on February 20, 1991,
the licensee provided (16) intormation on its battery
calculations, a checklist of the equipment which will be shed, and
the instrumentation which would be available during an SBO event.
The licensee performed calculations for the Division-1 and -11
batteries, which, according to USAR Section 8.3.2.1.1, can supply
the essential loads - four hours at the minimum regulated
temperature (65°7) an‘ 2% of the battery service life. No
calculations were performed for the Division-111 and -1V
batteries. The Division-11] battery will have the HPCS diesel
available and, therefore, it will be charged. According USAR
Section 8.3.2.1.1, only Divisions -1, -1I, and -111 125-VDC
subsystems are required to be considered for the safe-shutdown
analysis of the piant. Therefore, no analysis of the Division-1V
batteries is reqguired.

We reviewed the licensee’s provided assumptions and the loads
which will be carried by e batteries. We did not, however,
review the specific voltages or currents required for the various
loads. Our review assumed that the battery loads provided by the
lTicensee are correct.

Our review identifies the following concerns with regard to the
Ticer.2e’'s battery-capacity calculations:

1) when considering the last minute of the SBO event, the
licensee has a load (~220 and ~211 amperes for batteries 1A
and 1B, respectively) for recovery from the event. This
load starts at 240 minutes and continues until 241 minutes.
During this last minute pericd, the only load on the
batteiies is this recovery load. The licensee needs to
ensure that this load includes the same equipment that will
be running before the last minute in addition to the

13
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3.

Compressed Air
Licensee’s Submittal

The licensee stated (10) that the air-operated valves relied upon
to cope with an SBO for four hours can either be operated manually
or have sufficient back-up sources independent of the preferred
and blacked-out unit’s class-1E power supplies. The licensee
added that Valves requiring manual operation or that need back-up
sources for operation are identified in plant procedures.

Review of Licensee’s Submittal

Clinton Power Station has a back-up supply of compressed air
consisting of two air-bottle tank farms, each having 8 bottles,
for the ADS function (Section 9.3.1.2 of the USAR). Based on this
it appears, CPS has sufficient back-up supplies of compressed air
to cope with a 4-hour SBO event. However, the licensee need to
state what information is available to the operators in the
absence of ADS accumulator pressure indicator to ensure sufficient
air capacity for the valve operation, ( see also battery capacity
review! .

Effects of Loss of Ventilation
Licensee’'s Submittal

The licensee initially stated (10) that the control room at CPS
does not exceed 120°F curing the SBO period provided that the
control-roum doors to the corridor are opened within one hour of
the start of the SBO. In a follow-up submittal (12), the licensee
stated that an improper heat-sink credit had been taken for a wal)
in the control room, and that a revised calculation would be
submitted by May 18, 1990. 1In its submittal dated May 17, 1990
(15), the licensee stated that the control room will exceed 120%
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during an SBO event, and that plans are being formulated to
provide a means of forced ventilation following an SBO.

As a result of the telephone conversation on February 20, 19891,
the licensee provided (16) information on its heat-up
calculations. The licensee stated that, whenever possible, the
NUMARC methodology was used to analyze the effects of loss of
HVAC.

1) RCIC System/Main Steam Tunnel
The licensee stated (10) that the peak temperatures in the
main steam tunnel, RCIC pump room, and RCIC instrument panel
room will be 223°, 148°F, and 166°F, respectively. The
licensee stated that reasonable assurance of the operability
of SBO response equipment n these areas has been assessed
using Appendix F to NUMARC 87-00. The licensee added that
procedures will be changed to irstruct the operators to
disable the automatic trips for RCIC due to high main steam
tunnel temperature.

2) Inverter Rooms
At CPS, there are four inverter rooms. The Division-III
inverter room is cooled by the Division-II1I diesel, and,
therefore, its temperature will not change. For the other
three inverter rooms, the licensee assumed an initial
temperature of 80°F, which was derived from the HVAC
calculations of the VC (control room) and VX (switchgear
room) systems. The licensee stated that the inverter rooms
are cooled by the same HVAC system that maintains the
battery room temperatures at 77°F, $3°F. The licensen
stated that the final temperature in the Division-1V
inverter room is 101°F. For the Division-I and -1I {nverter
rooms, which are smaller than the Division-1II and -1V
rooms, the licensee calculated a final temperature of 111°F.

17



3)

Control Room
The licensee stated that the NUMARC methodology could not be

applied to the wain control room because the NUMARC
assumptions concerning wall and ceiling composition were not
in agreement with the installed conditions. In order to
calculate the control-room temperature, the licencee used a
transient heat-transfer computer model. The mooe: (acluded
the heat loads from personnel and from equipment powered by

- battery-fed inverters. After the preliminary computer runs,

the licensee determined that additional cooling would be
required to maintain the control-room temperature below
120°F. The licensee developed an air-flow mode) which
induces outside ambient air with an assumed temperature of
96°F into the control room and exhausts air from the contro)
room using a gasoline-powered fan. The model established
that a flow rate of 5200 cubic feet per minute (cfm) of 96°F
outside air, initiated at 30 minutes into the SBO event,
would prevent the control room temperaturz from exceeding
120°F.

The mode) assumed an initial temperature of 73°F for the
control room and calculated a peak temperature of 119°
before the start of the proposed gasoline-powered fan at 30
minutes into the event. While technical specifications
maximum control-room temperature is 86°F maximum, the use of
73°F as an initial temperature is justified based on having
two fully redundant 100%-capacity trains of HVAC in the
control room. The licensee provided (16) a temperature 's.
time curve which depicts the control-room temperature rise
over time. The licensee stated that if an initial
temperature of B6°F were to be used, the peak temperature is
not expected to be 132°F, which is a direct sum of the
difference between the two initial temperatures (13°F) and
the calculated peak temperature at the lower initial
temperature (119°F). The licensee justifies a lower final

18
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Review of Licensee’s Submitta)

The lTicensee’'s temperature-rise calculations were neither received
nor reviewed. Therefore, this review is based on the summaries
provided (10 and 16) by the licensee in its submittals. As such,
the review only covers the assumptions and the methods identified
by the licensee, and assumes the calculated temperatures to be
accurate, pending future verification,

In response to the questions raised during the telephone
conversation on February 20, 1991, the licensee provided (16) «
summary of its heat-up calculations for the inverter rooms and the
main control room, and a confirmatory statement that the
drywell/containment heat-up during an SBO is enveloped by the
LOCA/HELB maximum temperature of 250°F.

1) RCIC System/Main m Tunnel
The licensee provided the results of its calculations for
the main steam tunnel, RCIC pump room, and RCIC instrument
panel room. The licensee calculated a final temperature of
223°F for the main steam tunnel. The licensee needs to
ensure that at this temperature, the RCIC turbine steam
supply valve will be able to be closed should containment
isolation become necessary. The licensee also stated that
procedures will be changed to instruct the operators to
disable the automatic RCIC high steam tunnel temperature
trips. The licensee needs to ensure that the procedures
will instruct the operators to disable the trip before the
main steam tunnel temperatures reach the trip set point,
The timing of the bypassing of the trip is not critical
because the plant is equipped with HPCS which provides the
same function as RCIC with a higher capacity.

20






b)

¢)

d)

The licensee assumed a personnel heat load of 255 Btu/hr
(~75 Watts) per person. The ASHRAE handbook (18)
recommends a heat load of -250 Watts per person.

The licensee’'s use of an initial control-room
temperature of 73°F instead of the technical
specifications limit of 86°F is non-conservative.
However, if the licensee wishes to use a 73°F initia)
temperature, then it must place an administrative
control which ensures that the control-room temperature
will not exceed the assumed temperature under any
circumstances.

With regard to the licensee’s method for extrapolating
the temperature curve to determine the final temperature
for an initial temperature of 86°F, the method is valid
if the initial temperature is the only input parameter
that changes. Since other parameters which affect the
final temperature also need to be revised, the
extrapolation method used by the licensee is not
applicable.

The licensee stated that the fan used in the control-
room heat-up model is capable of delivering 5200 cfm.
However, the licensee did not state whether this flow
rate was given in standard cfm or if the flow rate had
been adjusted for the elevated outside air temperature.
The licensee needs to clarify this and have the
clarification in its SBO submittal supporting
documentation.

Based on our review, the licensee needs to re-evaluate its
control-room heat-up calculation, taking into account the
aforementioned non-conservatism,

22



4)  Containment/Orywell
For the drywell calculations, the licensee did not provide
detailed information. The licensee stated that it has
verified that the drywell temperature under SBO conditions
is bounded by that expected under the LOCA/HELB conditions.
We accept the licensee’s statement pending future
verification.

Containment Isolation
Licensee’'s Submittal

The licensee stated that the plant list of containment isolation
valves (CIVs) was reviewed and it was determined that all of the
valves which must be capable of being closed or operated (cycled)
under SBO conditions can be positioned with indication independent
of the preferred and blacked-out unit’s class-1E power supplies.
The licensee also said that although no modifications are
necessary to ensure that appropriate containment integrity can be
provided under SBO conditions, a minor procedure change is
required.

Review of Licensee’s Submittal

Upon review o: the l1ist of containment isolation valves (USAR
Table 6.2-47), we found that there are several valves (i.e., RHR
shutdown cooling, LPCS suppression pool suction, etc.) which do
not meet the exclusion criteria outlined in RG 1.155. The
licensee needs to 1ist in an appropriate procedure the CIVs which
are either normally closed or open and fail as-is upon loss of AC
power and cannot be excluded by the criteria given in RG 1.158,
and identify the actions necessary to ensure that these valves are
fully closed, if needed. Valve closure needs to be confirmed by
position indication (local, mechanical, remote, process
information, etc.).

23



Reactor Coolant Inventory
Licensee’'s Submittal

The licensee stated that the AAC source powers the necessary make-
up systems to maintain adequate reactor coolant system (RCS)
inventory to ensure that the core is cooled for the rcquired
coping duration.

Review of Licensee’s Submitta)

Reactor coolant make-up 1s necessary to remove decay heat, to
cooldown the primary system, and to replenish the RCS inventory
losses due to the 6l-gpm leak rate (18 gpm per recirculation pump
per NUMARC 87-00 guideline and 25 gpm for the technical
specifications maximum allowable leakage). The HPCS pump, which
is powered by the Division-I1I1 EDG, has the capability to inject
CST water at a rate of 5010 gpm. In addition, the RCIC pump will
also be available. The combination of these two pumps is
sufficient to compensate for the postulated leak rate in addition
to the injection rate necessary to remove decay heat and to keep
to core covered and cooled for the duration of the SBO event.

MOTE:
The 18-gpm recirculation pump sea) leak rate was agreed to
between NUMARC and the NRC staff pending resolution of
Generic Issue (GI) 23. If the final resolution of GI-23
defines higher recirculation pump seal leak rates than
assumed for the RCS inventory evaluation, the licensee needs
to be aware of the potential impact of this resolution on
its analyses and actions addressing conformance to the SBO
rule.

24



3.5

Proposed Procedures and Training

Licensee’s Submittal

The licensee stated that the following plant procedures have been
reviewed per guidelines in NUMARC 87-00, Section 4:

Station blackout response guidelines,
AC power restoration, and
Severe weather.

The licensee stated that these procedures have been reviewed and the
changes necessary to meet NUMARC 87-00 guidelines will be implemented.

Review of Licensee’s Submittal

We neither received nor reviewed the affected SBO procedures. We
consider these procedures as plant specific actions concerning the
required activities to cope with an SBO. It is the licensee’s
responsibility to revise and implement these procedures, as needed, to
mitigate an SBO event and to assure that these procedures are complete
and correct, and that the associated training needs are carried out
accordingly.

Proposed Modifications
Licensee’s Submittal

The licensee initially stated (10) that no modifications were identified
as necessary for CPS to meet the requirements of the SBO rule. As a
result of its heat-up analysis, the licensee determined (16) that a
modification to add a 5200-cfm gasoline-powered fan for the ventilation
of the control room is necessary. The licensee stated that the
modification will most likely use commercial-grade equipment designed to
remove smoke and gases from a room in support of fire-fighting

25



activities. The licensee also stated that the modification is scheduled

to be designed and implemented in 1982.

Review of Licensee’'s Submittal

We have a concern about the adequacy of the capacity of the 5200-cfm
fan. The licensee needs to re-evaluate the necessary capacity of the
fan after taking into consideration the concerns outlined in the Effects
of Loss of HVAC section of this report. In addition, our review has
identified several concerns which the 1icensee needs to respond and may
require modifications for their resolutions.

3.6 Quality Assurance and Technical Specifications

The licensee did not provide any information on how the plant complies
with the requirement of RG 1.155, Appendices A and B.

26



4.0 CONCLUSIONS

Based on our review of the licensee’s submittais and the information
available in the USAR for Clinton Power Station, we find that the submittal
conforms with the SBO rule by following the guidance of RG 1.155 with the
following exceptions:

1.

Emergency Diesel Generator Reliability Program

The licensee’s submittal does not document the conformance of the
ptant’s EDG reliability program with the guidance of RG 1.155,
Section 1.2 and NUMARC 87-00, Appendix D. The licensee, however,
is committed to maintain the target FEDG reliability of 0.95.

Condensate Inventory

The licensee stated (16) that in the fourth hour of the SBO event,
the suppression-poo] temperature exceeds the Timit allowed by
EOPs. At no point during an SBC event should any limits, design
or otherwise, be exceed. The licensee needs to provide
information on ary modifications its plans to make in order to
ensure that the suppression-pool temperature remains below its
limit.

The licensee needs to verify that the use of the suppression-pool

water as the only source of condensate is the bounding case during
an SBO event. |In addition, the licensee needs to verify that, if

the RCIC storage tank water were used, the suppression-pool water

Tevel would not exceed the maximum allowable level.

Class-1E Battery Capacity

Our review identifies the following concerns with regard to the
licensee’'s battery-capacity calculations:

27
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2)

will instruct the operators to disable the trip before the
main steam tunnel temperatures reach the trip set point,
The timing of the bypassing of the trip is not critical
because the plant is equipped with HPCS which provides the
same function as RCIC with a higher capacity.

ivision-l and - nv R
Using an infitial temperature of B0°F, the licensee
calculated a maximum final room temperature of 111°F.
During the telephone conversation, the licensee stited that
the heat-up calculation was based on the heat-generation
rates from normal inverter loads. We have two comments on
this calculation. First, the BO°F initial temperature is
non-conservative. For this temperature to be acceptable,
the licensee needs to have/establish & control which ensures
that this temperature would not be exceeded under any
circumstances, or use the maximum allowable temperature for
these rooms. Second, for the heat load in the room due to
the inverters, the licensec¢ needs to verify that it has used
an inverter efficiency loss consistent with the expected
inverter load, or use a constant efficiency loss based on
the rated capacity of the inverter. For example, if the
inverter has an efficiency of 0.8, the licensee could assume
a heat load of equivalent to the 20% of the rated capacity
of the inverter, regardless of the inverter’s output,

Control Room

With regard to the licensee’s control-room heat-up
calculation, we have the following concerns:

a) The licensee’s use of 96°F for the outside air
temperature is non-conservative. The maximum
temperature recorded at Springfield is 112°F, and at
Peoria is 103°F (USAR Section 2.3.1.1). Using the data
from NUREG/CR-1390 (17), we found that the extreme
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b)

annual maximum temperature for the 50-year return period
for the Clinton site is 111°F. Therefore, a higher
temperature than 96°F should have been assumed for the
out-ide ambient-air temperature.

The licensee assumed a personne)l heat load of 255 Btu/hr
(~75 Watts) per person. The ASHRAE handbook (18)
recommends a heat load of ~250 Watts per person.

The licensee’s use of an initial control-room
temperature of 73° instead of the technical
specifications 1imit of 86°F is non-conservative,
However, if the Ticensee wishes to use a 73°F initial
temperature, then it must place an administrative
control which ensures that the control-room temperature
will not exceed the assumed temperature under any
circumstances.

With regard to the licensee’s method for extrapolating
the temperature curve to determine the final temperature
for an initial temperature of 86°F, the method is valid
if the initia) temperature is the only input parameter
that changes. Since other parameters which affect the
final temperature also need to be revised, the
extrapolation method used by the licensee is not
applicable.

The licensee stated that the fan used in the control-
room heat-up model is capable of delivering 5200 cfm.
However, the licensee did not state whether this flow
rate was given in standard cfm or if the flow rate had
been adjusted for the elevated outside air temperature.
The licensee needs to clarify this and have the
clarification in its SBO submittal supporting
documentation.
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The licensee needs ro ~valuate its control-room heat-up
calculation, taking into account the aforementioned
concerns,

4. Drywell/Contairinent

For the drywe’'l calculations, the licensee did not provide
information o1 its assumptions for this calculation (i.e.,
fnitial tempe-ature, leak rate, etc.), and, therefore, we
cannot confirm that the SBO temperature bounds the LOCA/HELB
maximum temperature. The licensee needs to re-examins the
calculated drywell conditions and to ensure that the
assumptions used accurately reflect the conditions expected
during an SBO event and include a leak rate of 61 gpm.

Containment Isolation

Upon review of the 1ist of containment isolation valves (USAR
Table 6.2-47), we found that there are several valves which do not
meet the exclusion criteria outlined in RG 1.155. The licensee
needs to list in an appropriate procedure the CIVs which are
either normally closed or open and fail as-is upon loss of AC
power and cannot be excluded by the criteria given in RG 1.158,
and identify the actions necessary to ensure that these valves are
fully closed, if needed.

Proposed Modifications

Qur review has identified several concerns which the licensee
needs to respond and may require additional modifications for
their resolutions,

Quality Assurance and Technical Specifications

The licensee’s submittals do not document the conformance of the
plant’s SBO equipment with the guidance of RG 1.155, Appendix A.
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