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TECHNICAL EVALUATION REPORT

SOUTH TEXAS PROJECT ELECTRICAL GENERATING STATION
STATION BLACKOUT EVALUATION

1.0 BACKGROUND

On July 21, 1988, the Nuclear Regulatory Commission (NRC) amended its
regulations in 10 CFR Part 50 by adding a new section, 50,63, "Loss of Al
Alternating Current Power"” (1). The objective of this requirement is to
assure that all nuclear power plants are capable of withstanding a statien
blackout (SBO) and maintaining adequate reactor core cooling and appropriate
containment integrity for a required duration. This requirement is based on
information developed under the commission study of Unresolved Safety Issuo
A-44, "Station Blackout" (2-6).

The staff issued Regulatory Guide (RG) 1.155, "Station Blackout," to
provide guidanc for meeting the requirements of 10 CFR 50.63 (7). Concurrent
with the development of this regulatory guide, the Nuclear Utility Management
and Resource Council (NUMARC) developed a document entitled, "Guidelines and
Technical Basis fcr NUMARC Initiatives Addressing Station Blackout at Light
Water Reactors," NUMARC 87-00 (8). This document provides detailed guidelines
and procedures on how to assess each plant’ capabilities to comply with the
SBO rule. The NRC staff reviewed the guidelines and analysis methodology in
NUMARC 87-00 and concluded that the NUMARC document provides an acceptable
guidance for addressing the 10 CFR 50.63 requirements. The application of
this method results in selecting a minimum acceptable SBO duration capability
from two to sixteen hours depending on the plant’s characteristics and
vulnerabilities Lo the risk from station blackout. The plant’s
characteristics affecting the required coping capability are: the redundancy
of the on-site emergency AC power sources, the reliability of on-site
emergency power sources, the frequency of loss of off-site power (LOOP), and
the probable time to restore off-site power.

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

1. "“Generic Response to Station Blackout Rule for Plants Using
Alternate AC Power," and

2. "Generic Response to Station Blackout Rule for Plants Ysing AC
Independent Station Blackout Response Power."

A plant-specific submittal, using of the above generic formats, provides
only a summary of results of the analysis of the plant's station blackout
coping capability. |icensees 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
is verified by review and evaluation of the licensee’s submittal and audit
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/SAIT 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 licer.ees’ submittals using the
agreed upon generic response format. These deficiencies raised a generic
question regarding the degree of the licensees’ conformance to the
requirements of the SBO rule. To resolve this question, on January 4, 1990,
NUMARC issued 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 suppliemental
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 coping capability (Section 3.2),

C. Procedures and training for SBO (Section 3.4),

D. Proposed modifications (Section 3.3), and

E. 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) off-site
power design characteristics, b) emergency AC power system configuration, c)
determination of the emergency diesel generator (EDG) reliability consistent
with NSAC-108 criteria (11), 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 lTicensee’s submittal is reviewed to
assess the availabilit, 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 the 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 licensee’s submittal is reviewed to verify that required procedures
(i.e., revised existing and new) for coping with SBO are identified and that
appropriate operator training will be provided.

The licensee’'s submittal is reviewed for any proposed modifications to
emergency AC sources, battery capacity, condensate capacity, compressed air
capacity, appropriate containment integrity and primary coolant make-up
capability. 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
adequacy.

The licensee’'s propcsed 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 P of NUMARC 87-00.

This SBO evaluation is based on a review of the licensee’s submittals
dated April 17, 1989 (10) and March 30, 1990 (12), telephone conversations
between NRC/SAIC and the licensee’s staff on August 9 and 15, 1990, the
licensee’'s response (17) to the questions raised during the telephone
conversation, a foilow-up telephone call to the licensee on December 13, 1990,
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and the information available in the plant Updated Final Safety Analysis
Report (UFSAR) (11); it does not include a concurrent site audit review of the
supporting documentation. Such an audit may be warranted as an additional
confirmatory action. This determination would be made and the audit would be
scheduled and performed by the NRC staff at some later date.



3.0 EVALUATION

3.1 Proposed Station Blackout Duration

Licensee’'s Submittal
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The licensee stated that the EAC classification of STPEGS is "C." This
is based on the determination that one tDG is required to support the
safe shutdown loads following a LOOP and two-out-of-three existing EDGs
(EDG A and C) are available and designated as EAC power sources. Review
of the plant UFSAR, Section 8.3.1.1.4, indicates that each unit is
equipped with three independent, physically separated, EDGs supplying
power to three associated load groups designated as Train A, Train B, and
Train C. Each EDG and load group of a particular unit is also physically
separated and electrically independent from the other two EDGs and their
load groups. Each train (1.e., load group) is not totally redundant,
however. Two trains are necessary to mitigate the conseguences of a
design basis accident,

The guidance provided in NUMARC 87-00 Supplemental Questions/Answers
(14), under Question 3.4, states that when determining the number of EAC
power sources necessary to operate safe shutdown equipment the shutdown
loads powered must be capable of maintaining the plant in a safe shutdown
condition for an extended period. The licensee stated (17) that limited
manual actions are needed to maintain long term cooling. Based on the
information provided in Reference (17) and the plant UFSAR, it is not
clear whether Train A and Train C are fully redundant and each can
provide one full division of safe shutdown equipment and related
instrumentation and cont-ols to maintain the plant in a safe shutdown
condition for an extended period. On the surface, it appears that only
Train A can be considered to provide a quasi-division; whereas, Train C
does not appear to provide one. Even if each train meets the full
division requirement, the licensee’s statement that only one EDG train is
sufficient to operate the safe shutdown equipment following a LOOP
appears to be justified for a limited time period; it is bounded by
insufficient battery capability to provide the required instrumentation
and controls support.

If Train A or Train C cannot provide a full division of ESF equipment and
instrumentation and controls, then the licensee needs to consider that
two-out-of-three EDGs are required for supporting LOOP loads and EDG B
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3.3

Review of Licensee’s Submittal

The licensee’s AAC power source is a class 1t EDG that meets or exceeds
all the required criteria specified in Appendix B to NUMARC 87-00. The
AAC power source has sufficient capacity to support the required loads.
However, it lacks the connectability to support the control rcom
emergency lighting, the centrifugal charging pump, and the boric acid
transfer pump. The licensee stated that a positive displacement charging
pump which is powered by a non-class 1E dieiel generator will be used to
provide reactor coolant system (RCS) mike-up. During the telephone
conversation on August 9, 1990, the licensee stated that the control room
lighting is provided by several battery packed self contained unit during
an SBO event. The adequacy of these units have been evaluated during the
control room design review evaluation process. The licensee added that
the boric acid transfer pump will not be needed during an eight hour
coping duration.

Based on the above explanations/justifications, we concur with the
licensee that the proposed AAC power source has sufficient capacity to
support the SBO loads.

Station Blackout Coping Capability

The plant coping capability with an SBO event for the required duration
of eight haurs is assessed based on the following results:

1. Condensate Inventory for Decay Heat Removal
Licensee’s Submittal

The licensee stated (17) that the minimum permissible volume of
water in the Auxiliary Feedwater Storage Tank (AFST) is sized to
support cooldown over 14 to 21 hours including 4 hours at hot
standby until residual heat removal (RHR) is initiated. The
duration varies with the initiating event and sir.le failure
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considered. Therefore, STPEGS has adequate condensate available for
decay heat removal during an SBO of eight hours with AAC power
available.

Review of Licensee’s Submitta)

Using the expression given in NUMARC 87-00, Section 7.2.1, each unit
would need approximately 138,000 gallons of condensate water to
remove decay heat during an 8-hour SBO event. This estimate is
based on a maxiw'm licensed core thermal rating of 3876 Mwt, or 102%
of 3800 MWt (Table 4.1-1 of the plant UFSAR). The licensee stated
that if the positive displacement pump was not able to maintain the
RCS inventory, the reactor will be depressurized/coolea down below
1600 psig where the high head safety injection (HHSI) pump can be
used to replenish the RCS losses. If the licensee were to cool down
the RCS below 1600 psig additional condensate would be needed.
However, plant Technical Specificatic's requires a minimum
condensate level of 525,000 gallons be available in the AFST.
Therefore, we concur with the licensee that adequate condensate
inventory is available to maintain the plant in a safe shutdown
conditior during an SBO event.

Class 1E Battery Capacity
Licensee’s Submitta!l

The licensee statod that the STPEGS design has bzen reviewed to
ensure that adequate battery capacity is available to support decay
heat removal during the 4-hour SBO. At STPEGS each of the four
class 1E vital 120 V AC channels is backed by its own class IE
battery. Calculations determined that Channel II (Train D) is
adequate for an eight hour duration and Channel III (Train B) is
adequate as sized for a 4-hour duration, with no load shedding.
Channels I (Train A) and IV (Train C) are each adequate for a four
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emergency training procedures. These actions make operator tasks
more difficult and would exacerbate the already difficult situation.
Therefore it does not appear to be consistent with the staff’s
position (15 and 16) that not to burden the operators excessively.
Based on the discussion with the staff, the licensee needs to
provide charging capability for either Battery A or C during an SBO
event. Without this capability, the plant does not conform to the
SBO guidance.

Compressed Air
Licensee’s Submittal

The licensee stated that no air operated valves are required to cope
with an SBO, und no further action is required.

Review of Licensee’s Submittal

A review of the plant UFSAR indicates that the compressed air system
is not required to perform any safety function. An air compressor
and associated instrument air emergency cooling water pump may be
put in service by using a non-class 1E balance-of-plant diesel.
However, for the purposes of this review, no air is assumed tn be
available during an eight-hour SBO event. Following a LOOP, air-
operated valves throughout the plant are designe. io fail in the
safe position upon loss of air. Our review concurs with the
licensee’s statement.

Effects of Loss of Ventilation
Licensee’s Submittal
The licensee stated that an assessment has been performed to

determine the steady-state temperature in dominant areas containing
equipment necessary to achieve and maintain safe shutdown during an
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SBO event. The licensee added that, except for the turbine-driven
auxiliary feedwate: (AFW) pump room, ventilation to all areas of
concern is provided by the AAC power source. The calculated steady-
state ambient air temperature for the turbine-driven AFW pump room
during an SBO using the NUMARC 87-00 method is 132°F. The result of
a transient heat-up calculation for this room after eight-hours is
124°F. During an 8-hour SBO, the control room temperature at STPEGS
would reach 107°F. This is also based on the result of a transient
heat-up calculation. Therefore, the control room is not a dominant
area of concern.

The licensee added that testing has demonstrated the capability to
naintain acceptable control room and relay room temperatures with
only one train of HVAC in scrvice. The test was conducted with two
trains of control room HVAC fans in service in the make nd
clean-up recirculation mode {for maximum heat load) bv  ..n only
one cooler train in service. The control room temperature was found
to not increase during operation of only one train of HVAC,

Reasonable assurance of the operability of SBO equipment in *he
turbine driven AFW pump room, (the only dominant area of concern),
has been assessed using Appendix F to NUMARC 87-00. No
modifications or associated procedures are required to provide
reasonable assurance for equipment operability.

Revier. of Licensee’s S 'mittal

Based on the licensee’'s statement that the AAC power source (EDG B)
and its associated ESF train will support the required HVAC for the
equipment operating on that train, we conclude that the plant
conforms to the SBO guidance. However, the licensee needs to have a
procedure for opening the cabinet doors inside the control room and
relay room within 30 minutes. This is needed to maintain the
temperature inside the cabinet below 120°F. The control room
temperature is calculated to be 107°F, and according to the
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licensee, the equipment in the control room cabinet are designed for
conditions up to 120° . If we were to assume a 15° temperature
rise inside the cabinet compared to the average bulk room
temperature, the equipment inside these cabinets will experience a
temperature above 120°F. Opening the cabinet doors teo reduce the
hot spots and potential equipmint operability problems is &
recommended guidance in the NUMARC 87-00 Supplemental Questions and
Answers,

Containment Isolation
Licensee’'s Submittal

The 1icensee stated that an assessment has been performed to ensure
that appropriate containment isolation can be provided during a
station blackout event. The plant list of containment isolation
valves has been reviewed to verify that valves which must be capable
of being closed cr that must be overated (cycled) under station
blackout conditions can be positioned (with indication) independent
of the preferred and blacked-out unit’s class 1E power supplies. No
plant modifications and/or procedure changes were determined to be
required to ersure that appropriate containmeni integrity can be
provided under an SBO conditions,

Review of Licensee’'s Submittal

Upon review of the plant containment isola.lon valves given in
Figure 6.2.4-1 of the UFSAR, we found several valves that can not be
excluded using Lhe criteria stated in RG 1.185, These valves are
normally closed motor-operated valves that fail as is upon loss of
power. Sincc only one train of ESF buses can be nowered from the
AAC power source, the licensee needs to ensure that these valves are
closed during an SBO event. The assurance needs to be provided by
1isting these CIVs in an appropriate procedure and identifying the
actions required to ensure these valves are fully closed by

16



providing position indications (local, remote, mechanical, process
information, etc.) independent of preferred and EAC power sources.

Reactor Coolant Inventory
Licensee’s S bmitta)

In 1ts recent submittal (17), the licensee stated that the AAC power
source supplies power to the make-up systems necessary to maintain
adequate RCS inventory to ensure that the core 1s cooled for the
required coping duration of eight hours.

The licensee stated (17) that the maximum expected reactor coolant
pump (RCP) seal leakage during an SBO would be 3 gpm per pump, based
on the seal leakoff rates during normal seal injection. Charging
flow directed to the reactor coolant pumps for seal water is
nominally 8 gpm. Nominally § gpm enters the labyrinth seals and
therme' barrier. The remainder of the flow. 3 gpm, is directed up
the pump shaft to the number one s<.! leakoff and then discharged
efther to the suction side of the charging pumps ar to the volume
control tanks., During an SBO, when both centrifuga: charging pumps
are unava.lable, RCP seal injection flow and reactor c¢oolant
boration capability can be maintained by a 35 gpm positive
displacement pump powered by the non-class 1E Technical Support
Center diesel generator,

Assuming a seal leakage rate of 25 gpm per pump, plus the
miscellaneous technical specification leakage of 10 gpm, results in
a total leakage rate of 110 gpm. With only the positive
displacement pump, the plant must r .ntend with a net outflow of 75
gpm. This case hes becn analyzed assuming availability of one
standby diesel generator as the AAC source, so that there is
continued capacity for HhSI system. In this scenario the RCS must
be depressurized below 1600 psig for the HHSI pump to inject.
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needs Lo be aware of the potential impact of this resolution on
fts analyses and act'ons addressing conformance to the SBO
rule.”

3.4 Proposed Procedures and Training
Licensee’s Submittal

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

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

The licensee listed tne name(s) of the plant procedures, which fall in
each of above categories, in the plant SBO submittal. The licensee
stated that these procedures will be revised, if necessary, to meet
NUMARC 87-00 guidelines.

Review of Licensee’'s Submittal

We neither received nor reviewed the affected SBU procedures. We view
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.

3.5 Proposed Modifications
Licensee’s Submittal

The licensee did not propose any modifications.
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Review of Licensee’'s Submitta)

Our review indicates that the licensee needs to provide charqging support
for either Battery A or C to prevent alternating their use during an SBO
event, This modification s necessary to conform to the staff’s
guidance. In addition, {if Train A or Train C cannot be considered to
provide a full division of instrumentation and controls the licensee may
need to perform other modifications for EDG B to be classified as an AAC
power source.

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.
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4.0 CONCLUSIONS

Based on our review of the licensee's submittals and the information
available in the UFSAR for South Texas Project Electrical Generating Station,
we find that the submittal does not conform to the requirements of SBO rules
for the following reasons:

1. Emergency AC (EAC) power configuration Group

The 1icensee ciassified the plant as an EAC group "C." This is
based on the determination that one EDG 1s required to support the
safe shutdown loads following a LOOP and two-out-of-three existing
EDGs (EDG A and C) are available and designated as EAC power
sources. The guidance provided in NUMARC 87-00 Supplemental
Questions/Answers (14), under Question 3.4, states that when
determining the number of EAC power sources necessary to operate
safe shutdown equipment the shutdown loads powered must be capable
of maintaining the plant in a safe shutdown condition for an
extended period. It is not clear whether Train A and Train C are
fully redundant and each can provide one full division of safe
shutdown equipment and related instrumentation and controls to
maintain the plant in a safe shutdown condition for an extended
period. On the surface, it appears that only Train A can be
considered to provide a quasi-division; whereas, Train C does not
appear to provide one, If Train A or Train C cannct provide a full
division of safe shutdown equipment and instrumentation and
controls, then the licensee needs to consider that two-out-of-three
EDGs are required for supporting LOOP loads and EDG B cannot be
assigned as an AAC power source. If this is the case, then the EAC
classification of the plant is “D." The licensee needs to provide
information supporting the conformance of the EAC classification to
the guidance stated above,
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Class 1E Batter, Capacity

The licensee stated that either Battery A or Battery C is needed to
support control room display of safe shutdown plant parameters.
However, these batteries can only last for four hours provided that
the NSSS inverter loads on these batteries are shed within 30
minutes. Since neither Battery C nor Battery A can be charged from
the AAC power source, the licensee has ' “oposed to alternate use of
these batteries to cover the eight-hou. ration. There are two
problem with the proposed action:

1. The operator actions required to timely switch off both the
NSSS inverter loads and one train of DC Toads without causing
ESF actuations would burden the operators excessively and
exacerbate the already difficult situation. This does not
conform to the staff’s guidance thal not to burden the
operators excessively,

2. The switching off and on and alternating the use of a set of
instrumentation and controls for meeting the SBO rule does not
appear to be of a sound practice. The problem becomes more
pronounce if a set of instrumentation is out of service before
the accident occurs.

Therefore, the licensee needs to provide charging capability for
either Battery A or C during an SBO event. Without this capability,
the plant uoes not conform to the SBO guidance.

Effects of Loss of Ventilation

The licensee stated that the control room temperature is calculated
to be 107°F during an SBO event. However, the licensee did not
state whether the plant has a procedure for opening the cabinet
doors inside the control room and the relay room within 30 minutes,
This 1s needed to maintain the temperature inside the cabinet below

22
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