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TECHNICAL EVALUATION REPORT

JOSEPH M. FARLEY MUCLEAR PLANT UNITS 1 and 2
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 All
Alternating Current Power" (1). The objective of this requirement is to
assure that all nuclear power plants are capable of withstanding a station
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 Issue
A-44, "Station Blackout" (2-6).

The staff issued Regulatory Guide (RG) 1.155, "Station Blackout," to
provide guidance for meeting the requirements of 10 CFR 50.63 (7). Concurrent
with the development of this regulatory guide, the Nuclear Utflity Management
and Resource Council (NUMAR?) developed a document entitled, "Guidelines and
Technical Basis for 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’s 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 metiod results in selecting a minimum acceptable SBO duration capability
from two to sixteen hours depending on the plant’s characteristics and
vulnerabilities to the risk from station blackout. The plant’s
characteristics affecting the required coping capability are: the redundancy
of the onsite emergency AC power sources, the reliability of onsite emergency
power sources, the frequency of loss of offsite power (LOOP), and the probable
time to restore offsite power.

In order to achifeve a consistent 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

VY
NRC staff (12) for the purposes of plant specific submittals
are titled:

"Generic Response to Station Blackout

Alternate AC Power." and

"y

Generic Response to Station Blackout
Independent Station Blackout Response Power. "

|

~

A plant-specific submittal, using one of the above generic formats,

nro

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 i; verified by review and evaluation of the licensee’s submitta

and audit review .f the supporting documents as necessary Follow up NRC

1 “y
inspections assure that the licensee has implemented the necessary changes
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

licensee
LEMNSEE

submittals for several plants. These audits revealed several deficiencies

which were not apparent from the review of the licensees’ submittals using
agreed upon generic response format. These deficiencies raised a generic

question regarding the degree of licensees’ conformance to the requirements
the SBO rule. To resolve this question, on January 4, 1990, NUMARC issued
additional guidance as NUMARC 87-00 Supplemental Questions/Answers (13)

i

addressing the NRC’'s concerns regarding the deficiencies. NUMARC requested

that the licensees send their supp'emental responses to the NRC addressing
thesc concerns by March 30, 1990




2.0  REVIEW PROCESS

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

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

G 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) 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 submittal is 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 SBC 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,

g5 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

i 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
(1.e., revised existing and new) for coping with SBO are identified and that
appropriate operator training will be provided.

The Ticensee’s submittal for any proposed modifications to emergency AC
sources, battery capacity, condensate capacity, compressed air capacity,
appropriate containmert integrity and primary coolant make-up capability is
reviewed. Technical specifications and quality assurance set forth by the
licensee to ensure high reliability of the equipment, specifice. 1y added or
assigned to meet the requirements of the SBO rule, are assess.d for their
adequacy.

The 1icensee’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 on the review of the licensee’s submittals
dated April 17, 1989 (10) and March 8, 1990 (14), and the information
available in the plant Final Safety Analysis Report (FSAR) (11); it does not
include a concurrent site audit review of the supporting documen*ation., Such

4



an audit may be warranted as an additional confirmatory action, This
determination would be mzde and the audit would be scheduled and performed by
the NRC staff at some later date.
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3. Target Emergency Diesel Generator (EDG) Reliability

The target emergency diese! generator (EDG) reliability for Farley
Nuclear Plant, Units | and 2, s 0.95 based on EDG reliability for
the last 100 demands on each EDG mode). The Farley Nuclear Plant
Technical Specifications requires the EDG surveillance frequency
to be based on relfability calculated ‘n accordance with RG 1.108,
Reviston 1, August 1977. This methodology for calculating EDG
reliability is conservative when compared to the methodology of
NSAC-108 referenced in RG 1.155 and NUMARC 87-00,

Review of Licensee’s Submittal

Factors which affect the estimation of the SBO coping duration are: the
independence of the offsite power system grouping, the estimated
frequency of LOOPs due to ESW and SW conditions, the expected frequency
of grid-related LOOPs, the classification of EAC, and the selection of
EDG target reliability. The expected freg.ency of LOOPs due to ESW is
consistent with that provided in NUMARC 87-00, Table 3-2. Using Table
3-3 of NUMARC 87-00, the expected frequency of LOOPs at JMFNP due to Sw
condition is in group "2" or "1," dependent on having offsite power
transmission 1ines on one or mu'tiple rights-of-way, respectively. A
review of the JMFNP FSAR indicates that the site could be considered as
having power transmission lines on multiple rights-of-way. Therefore,
JMENP has an SW grouping of "1."

The Ticensee stated that the independence of the plant offsite power
system grouping 1s "11/2." A review of JMFNP FSAR indicates trat
(Figure 1) (11):

1s A1l offsite power sources are connected to the unit through
two electrically connected switchyards;

2. During normal power operation, the essential buses are
powered from each unit’s two start-up transformers;

7
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3. Both start-up transformers are sized and designed to supply
the required load of both essential buses; and

4, Upon loss of power to one start-up transformer both 4.16 Ky
essential buses will be powered from the other start-up
transformer via a manud) transfer.

Based on these and the guidance provided in Table § of RG 1.155 the
plant independence of offsite power system group can be considered to be
an "]2."

The Farley station fs a two unit site with one-dedicated EDG per unit,
(EDG 18 and 2B), and three shared EDGs, (EDG 1C, 2C, and 1-2A). These
EDGs have two different ratings: EDGs 1C and 2C have a continuous and a
2000 hour rating of 2850 kW and 3100 kW, respectively, while EDGs 1B,
2B, and 1-2A have a continuous and a 2000 hour rating of 4075 kW and
4353 kW, respectively. The configuration and connectability of each
EDGs are as follows (see Figure 1):

EDG 1-2A supports Train A in Unit | and Unit 2,
EDG 1C supports Train A in Unit 1 and Unit 2,
EDG 2C supports Train B in Unit 1 and Unit 2,
EDG 1B supports Unit 1 Train B, and

EDG 2B supports Unit 2 Train B.

The dedicated EDGs, are connected to the Train B ESF buses in each unit.
The Train A ESF buses in each unit are powered from EDG 1-2A and EDG 1C.
For JMFNP to have excess EDG redundancy to be used as a 10-minute AAC
power source and be classified as EAC group “C," EDG 1C should have the
capacity and connectability to support the required safe shutdown loass
following a LOOP and, therefore, be qualified as a redundant EDG to £G
18 or 2B. Otherwise, the licensee needs to use the definition of
“excess" EDG capacity (15 and 16) as an available AAC power source for
the blacked-out unit,
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EDGs 1s required for safe shutdown loads per unit, each unit can be
classified as EAC group "C." Therefore, after meeting the minimum £DG
redundancy requirement no excess EDG will be available to be used as an
AAC power source.

The licensee stated that the EDG target reliability was selected based
on the demonstrated relfability of the last 100 demands on each EDG.
The licensee stated this was determined using RG 1,108, which the
licensee claimed to be conservative when compared to the NSAC-108
method. No EDG faflure statistics were included in its SBO submittal
(10) to support this statement. Without the relfability statistics, it
s difficult to judge how well the EDGs have performed in the past and
if there should be any concern. Based on the available information in
the NSAC-108, which gives the EDG reliability data at U.S. nuclear
reactors for calendar years 1983 to 1985, the EDGs at JMFNP experience
an average reliability of 0.993 per diesel per year. Using this data,
it appears that the target EDG reliability (0.95) selected by the
licensee (10) to be appropriate. Nevertheless, the licensee needs to
have an analysis showing the EDG relfability statistics for the last 20,
50, and 100 demands in 1ts SBO submittal supporting documents.

The licensee’s submittal does not document the conformance of the
plant’s EDG reliability program with the guidance of RG 1.155, Section
1.2, and NUMARC, 87-00 Appendix D. However, the licensee stated that
the goal is to maintain the average EDG reliability for each EDG mode)
equal or greater than the target EDG reliability of 0.95. The licensee
added that & relfability program will be addressed following the
resolution of generic safety issue B-56 (Diese) Generator Reliability).
Since the information on EDG reliability statistics and the associated
EDG modeis are only available onsite for review, an audit may be
required to confirm compliance.

With regard to the expected frequency of grid-related LOOPs at the site,
we can not confirm the stated results. The available information in
NUREG/CR-3992 (3), which gives a compendium of information on the loss

11
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blacked-out (NBO) unit, the site would be left with one additiona)
redundant EDG to support the loads in both the BO and NBO units. [f the
remaining redundant EDG happens to be one of the dedicated EDGs (1.e.
€DG 18 or 2B), with the present electrical distribution (see Figure 1)
the blacked-out unit needs to cope with an SBO independent of an AC
power source. In other cases, the plant will have sufficient excess E0G
capacity to support both BO and NBO units. However, {f the remaining
EDG s EDG 1-2A, the licensee needs to perform a modification that
enables him to connect EDG 1-2A to both units at the same time; only
EDG 2C can presently be connected to both units at the same time.
Considering the worst case scenario, the licensee needs to revise its
submittal to show plant’s capability to cope with an SBO of four hours
duration independent of AC power, or perform the following modifications
in order to have connectibility to use available EDG excess capacity for
powering the required shutdown loads in the BO unit from the operating
EDG in the NBO unit:

14 Install a cross-tie between the Train B buses of Unit | and Unit
2

g Change the EDG 1-2A output circuit breaker logic to enable EOG |-
2A to be connected to both units at the same.

However, 1f the 1icensee were to confirm that EDG 1C can be qualified as
a redundant EDG to the larger EDGs by considering the safe shutdown
loads required after a LOOP for an extended period, consistent with the
NUMARC 87-00 Supplemental Questions and Answers, Question 3.5, then the
proposed AAC power source, which 1s one of the shared class 1E diesels,
meets or exceeds the criteria of Appendix B to NUMARC 87-00. The
remainder of our review of the licensee’s submittals will be based on
the above confirmation. In this review, we will consider that the AAC
power source will be available within 10 minutes and support the needed
functions as indicated by the licensee.

13



3.3 Station Blackout Coping Capability

The Ticensee stated that since the AAC power source will be available
within 10 minutes, the coping evaluations for class 1f battery capaciy,
compressed air, and containment isolation need not to be addressed in
accordance with 10 CFR 50.63(c)(2). We consider the licensee’s statement to
mean that the functions needed to cope with an SBO are available, and they are
adequately powered from the AAC power source for the required duration. Our
review of the plant coping cipability is based on the assumption that a viable
AAC power source is available, 1.e. the licensee has confirmed that there is
excess EDG redundancy on site. Based on the above assumption, the assessment
of the plant coping capability with an SB0 event for the required duration of
four hours is given below:

Condensate Inventory for Decay Meat Remova)
Licensee’s Submitta)

The Ticensee stated that each unit requires 58,662 gallons of
water to remove decay heat during a 4-hour SBO event. he minimum
permissible condensate storage tank (CST) ,evel per technical
specifications provides 150,000 gallons of water for each unit.
This exceeds the required quantity of condensate for coping with a
4-hour SBO event.

Review of Licensee’'s Submitta)

Using the information available in the plant FSAR, the guidance
provided in NUMARC 87-00, Section 7.2.1, and assuming no coo)ldown
of the primary system, we have estimated that the water required
for removing decay heat would be ~63,000 gallons per unit. This
estimate is based on a maximum licensed core thermal rating of
2830 MWt, or 102% of 2774 MWt (Table 14.3-2a of the plant FSAR).

14
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Review of Licensee’'s Submittal
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Containment Isolation
Licensee’s Submitta)

Since the AAC power source will be available within 10 minutes, no
anal 'sis of containment isolation is provided.

Review of Licensee’'s Submitta’

Since the AAC power source fs available to one division of safety
buses within 10 minutes appropriate containment integrity is
assured during an SBO event,

Reactor Coolant Inventory
Licensee’'s Submittal

The licensee stated that the AAC source powers the necessary make-
up systems which maintain adequate reactor coolant system
inventory and ensures that the core is cooled for the required
coping duration of four hours.

Review of Licensee’'s Submitta)

Reactor coolant make-up is necessary to replenish the reactor
coolant system (RCS) inventory losses due to the reactor coolant
pump (RCP) seal leakage (25 gpm per pump per NUMARC 87-00
guideline), and to the technical specifications maximum a)lowable
leakage (estimated to be 25 gpm). The make-up, or the charging,
system at JMFNP has three positive displacement pumps. Each pump
has a design flow capacity cf 150 gpm, which exceeds the assumed
RCS Teak rate of 100 9pm during an $SBO event. Therefore, we agree
with the Ticensee that the core will not be uncovered during a 4-
hour SBO event.

17



3.4

"The 25 apm RCP ses]l leak rate was agreed to between NUMARC
and NRC staff pending resolution of Generic Issue (GI) 23.

If the final resolution of GI-23 defines higher RCP seal
leak rates than assumed for the RCS inventory evaluation,
the Ticensee needs to be aware of the potential impact of
this resolution on its analyses and actions addressing
conformance to the SBO rule."

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:

i AC power restoration, and
s 4" Severe weather.

The Ticensee has identified that additional procedure changes will be
mace as required to indicate proper operator actions in order to ensure
that the AAC power source is properly loaded during an SBO event.

Review of Licensee’'s Submitta)

We nefther received nor reviewed the affected SBO procedures. These
procedure. are plant-specific actions concerning the required activities
*Z 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.

18



3.8

3.6

Proposed Modifications
Lice' .ee's Submitta)

The licensee has proposed modifications to ensure that service water is
available to the AAC power source using the worst case assumptions for
SBO. In addition, modifications will be required to automatically shed
unnecessary loads to ensure sufficient capacity is available for manual
loading of the required statfon blackout loads.

Review of Licensee’s Submitta)

The Ticensee did not provide any information on the proposed
modifications. Therefore, no review can be performed. However the
licensee's action fs consistent with the requirement of the SBO rule and
the guidance provided in RG 1,155 and NUMARC 87-00,

The licensee may also need to perform additiona) modifications 1f it can
not confirm that EDG 1C s a redundant EDG to EDG 1B or 2B when
considering the shutdown loads required to maintain the plant in a safe
condition for an extended period (see Section 3.2)

Quality Assurance and Technical Specifications

The 1icensee did not provide any information on how the plant complies

with the requirements of RG 1.155, Appendices A and B.

19



4.0 CONCLUSIONS

Based on our review of the licensee’s submittals and the information
available in the FSAR for Joseph M. Farley Nuclear Plant, we find that the
submittal conforms with the requirements of SBO rules and the guidance of RG
1.155 with the following exceptions:

1.

2.

Emergency AC Power Configuration Group/ Alternate AC power source |

The Ticensee classified the EAC power configuration of the plant
as "C." Our review indicates that, for the plant to be classified
as an EAC group "C" and have a viable 10-minutes AAC power source,
EOG 1C should be qualified as a redundant EDG to EDG 1B or 2B,

The licensee needs to confirm that EDG 1C can be qualified as a
redundant EDG to the larger EDGs considering the safe shutdown
loads required after a L00° for an extended period, consistent
with the NUMARC 87-00 Supplementa’ Questions and Answers, Question
3.5. Otherwise, the Vicensee needs t~ revise 1ts submittal
showing the plant‘s capability to cope independent of AC for four
hours, (see Section 3.2), or perform the following modifications
in order to have connectibility for using the available EDG excess
capacity to power Liie required shutdown loads in the BO unit from
the operatiry EDG in the NBO unit:

| & Install a cross-tie hetween the Train B buses of Unit | and
Unit 2.

8 Change the EDG 1-2A output circuit breaker logic te enable
EDG 1-2A to be connected to both units at the same.

Emergency Diesel Generator Reliability Program

The licensee’s submittal does not document the conformance of the
piant’s EDG reliability program with the guidance of RG 1.155,
Section 1.2, and NUMARC, 87-00 Appendix D. However, the licensee

20



3.

stated that the goal is to mainta:n the average EDG reliability
for each EDG mode! equal or greater than the target EDG
reliability of 0.95. The licensee added that a reliability
program will be addressed following the resolution of generic
safety issue B-56 (Diese)! Generator Reliability).

Effects of Loss of Yentilation

The 1icensee stated that the AAC power source provices power to
heating, ventilation and air conditioning (MVAC) sy:tems serving
the emergency safeguards feature room coolers and the control room
which are the dominant areas of concern. The license» needs to
ensure that other areas which have heat generation sour-es, i.e.,
operating equipment, are provided with appropriate area cooling,
or provide an analysis showing that the equipment operability in
these areas will not be degraded.

Proposed Modifications

The 1icensee identified a need for a modification to providing
service water to the AAC power source during an SBO event., The
1icensee needs to provide a brief summary of the proposed
modifications for the NRC's review. The licensee may also need to
perform additional modifications if it can not confirm that E0G IC
is a redundant EDG to EDG 1B or 2B when considering the shutdown
loads required to maintain the plant in a safe condition for an
extended period (see item | above).

Juality Assurance and Technical Specifications

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

21
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