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SUMMARY AND CONCLUSIONS

After the accident at Three Mile Island, a study was performed of the re-
liability of the auxiliary Feedwater System (AFWS) of each then-operating
Westinghouse plant. The results of this study were presented ir NUREG-0611.
Commonwealth Edison has provided MRC with a study of the Byron and Braidwood
AFWS, performed using NUREG-0611 as a guideline. BNL has reviewed this study.
The BNL conclusions are as follows (“High", "Medium", and "Low" refer to the
NUREG-0611 reliability scale).

1. For an accident initiated »y loss of main feedwater with offsile power
available:
The reliability of the Byron/Braidwood Auxiliary Feedwateg System plus
startup train is in the "High" range (Unavailability = 1.2x10"°/demand).

2. For an accident initiated by loss of main feedwater coupled with lcss
of offsite power:
The reliability of the Byron/Braidwood Auxiliary Feedwater System is at
the high end of the "Medium" range, provided that the inter-unit bus tie is
utilized (Unavailability = 2.6x10-3/demand).

3. For an accident initiated by Loss of all AC power:
The reliability of the Byron/Braidwood Auxiliary Feedwater System is in
the “Medium" range (Unavailability = 2.2x10-2/demand).

These results are summarized and compared with Commonwealth Edison's re-
sults on the following table. Refer to Table 4.3 of the B/B report and Ap-
pendices C and D of this report for explanation of the Commonwealth Edison re-
sults.

Byron/Braidwood AFWS

Unavailaoility per demand

BNL Commonwealth Edison
LMFW 1.2x10-5 7.1x10-%
LooP 2.6x10-4+ 9,4x10-5*
LOAC 2.2x10-2 1.7x10-2

* These numbers are calculated assuming an inter-unit bus tie. See
Appendices C and D.
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the LMFW initiator, then, the B/B AFWS design + startup train compares well
with three-train designs. For LOAC, the AFWS is typical in having a single

AC-independent train., For LOOP, however, the B/B AFWS is not as reliable as
most three-train systems. The primary focus of this review is to elucidate
this point.

In Section 2, the mission of the AFWS is described, and the B/B AFWS is
presented. Salient features of the B/B design are noted and compared to NRC
recommendations.

In Section 3, the reliability analysis is presented. The dominant
contributors to unavailability are identified. The unavailability of the AFWS
for cach of the three initiators (LMFW, LOOP, LOAC) is given. The sensitivity
of the results to certain assumptions is explained. Differences between BNL's
analysis and the B/B report are noted.

In Section 4, BNL's conclusions are presented. The unavailabilities of
B/B's AFWS are compared to those of other Westinghouse plants.

Appendix A discusses the frequency of LOOP. Appendix B summarizes the
logical implications of giving credit for feed-and-bleed. Appendix C
discusses the effect of adding an optional link between 4160VAC buses of Units
1 and 2.






2. SYSTEM MISSION AND DESCRIPTION

2.1 System Mission

The mission of the AFWS is to provide feedwater to the steam generators in
the event of LMFW. Core damage will result if decay heat is not removed in
sufficient quantity, either by producing steam in the steam generators or by
allowing hot primary coolant to escape via the pressurizer while replenishing
it with high-pressure injection("feed-and-bleed"). LOOP and LOAC cause LMFW,
and tnerefore also challenge the AFWS.

At B/B, AFWS mission success is defined as delivery of 160 gpm to each of
three steam generators or 240 gpm to each of two steam generators before they
boil dry (20 to 30 minutes). Ordinarily, the AFWS is required to operate for
about 5 hours to cool the unit down tc 3509F, below which temperature the
low pressure residual heat removal system operates.

2.2 Description of the B/B AFWS

2.2.1 General Description

The B/B AFWS is sketched in Figure 2.1 of tnis report (Figure 3-1 of the

B/B report). The AFWS consists of two trains, one eleciric-motor-driven (EMD)
and one diesel-engine-driven. In addition, there is the startup train, which
is part of the main feedwater system but is available to supply feedwater
during some transients. The AFWS is initiated by either a low-low steam
generator signal, a safety injection signal, or a loss of offsite power. The
startup train requires operator initiation. The following paragraphs outline
the most important attributes of the AFWS. The startup train is not analyzed
here; its most relevant attributes are summarized in section 3.4.1.1.

2.2.2 Pumps

Both AFWS pumps are 1165 brake horsepower units. The diesel driven AFWS
pump is capable of providing 840 gpm at 3350 feet head, which is nearly twice
the capacity requiced for mission success. This pump is capable of supplying
its own cooling and lubrication independently of AC, bu* when AC is available,

backup pumps are provided for oil pressure, water jacket cooling, and room air
cooling.

The EMD AFWS pump is capable of providinag 690 gpm at 3350 feet of head,
which is nearly twice the capacity required foi mission success. It requires
AC; therefore, its unavailability given LOOP is dominated by the
unavailability of the associated emergency diesel generator,

2.2.3 Suction

The primary suction source is the condensate scurage tank. Redundant flow
paths begin at the CST and meet at a header which suppl ies both pumps (see
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tributes of the startup train are quite different from those of the AFWS. The
two-train AFWS nwa. the following important strengths, which correspond to NRC
recommendations made in NUREG-0611:

1.
2.

3.
4.

5.

Automatic initiation of Trains A and B, even during test (recom-
mendation GL-1);

Redundant flowpaths from the condensate storage tank (CST) to the
pumps, so that no single valve can block the fiow (recom-

medation GL-2);

The ?bility of Train B to function independently of AC (recommendation
GL-3);

Automatic switchover from the CST source to the Essential Service
Water, in the event that low pump suction pressure is sensed
(recommendation GL-4);

Monthiy staggered testing of the entire flowpath frca the CST to the
steam generators (recommendation GS-6):

On the other hand, the AFWS has only two trains, which for LOOP seriously
degrades its reliability. For LMFW, the startup train can be made 2vailable,
but the NRC recommendations with respect to automatic initiation, etc., are
not met, since the startup train must be manually initiated.

If even modest credit is given for the startup train, the strengths of the
AFWS are such that the -~eliability of the combination is high for LMFW
initiator. Given LOOP, the redundancy is minimal (2 trains). Given LOAC, B/B
is typical in that it has a single AC-independent train; but the train is of a
relatively new type, ana its reliability is correspondingly uncertain.
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3. RELIABILITY ANALYSIS

3.1 Scope of the Reliability Analysis

The values given hare are point estimates of the unavailability. The fol-
lowing points should be borne in mind concerning these results.

1. Uncertainty analysis has not been perform=d4. As noted in NUREG-0611,
such analysis typically 1ndica?e§ that the median unavailability is somewhat
higher than the pcint estimatel™) (by a factor of two or less), which, for
the purposes of NUREG-0611, did not matter.

2. Depending on the error factors assigned to individual failure rates,
the error factor multiplying the median una.:ilability can easily be around
three for analyses such as this.

3. A detailed modeliing of common cause failures has not beer attempted
in this review but it is clear that the estimate would increase somewhat as a
result of such a study. (A gquealitative discussion of common cause failures is
provide in Secticn 3.8.)

3.2 Approach of the 5/B Report vs. Approach of BNL Review

The B/B report identified many contributors to the top event “Failure to
remove heat from the SG's". It also provided considerable material on common
cause failures. As originally written, the report's conclusions did not lend
themselves to simple comparison wit? NUREG-0611 guidelines; revised con-
clusions were submitted in a letter(*), However, owing to misunderstanding
concerning NRC guidelines, these were calculated using unrealistic as-
sumptions. Finally, at a meeting in Bethesda, these misunderstandings were
largely sorted out. A third set of numbers is warranted. These numbers are
calculated by relying on the system description in the B/B report to identify
dominant contributors, and quantifying them according to NRC guidelines,

After the review was essentially complete, the utility proposed a link be-
tween 4160 VAC buses of units 1 and 2 “o improve the availability of AC to the
EMD AFWS pump given LOOP. The effect of this is discussed in Appendices C and
D, and included in Tables 3.1 and 3.4 (results calculated with and withcut
crosstie option).

3.3 Assumptions

1. Maintenance on more than one AFWS train at a time is not permitted.

2. It is assumed here that the B/B assessment of 3 x 10-2 1s a real-
istic estimate of the probability of the operator failing to supply
feedwater from the startup train given LMFW,

(*) Point estimate: unavailability calculated using the medians of the input
variables.



3. Although the B/B report states that an AFWS train can be down for 7
days, the maintenance unavailabilities assessed here are those
tabulated in NUREG-0611 as mean maintenance act durations for trains
which are allowed to be down for 72 hours.

4, In the case of the diesel-driven pump, the services are provided oy
the pump itself. In the case of the EMD pump, Essentia  Service
Water is reguired for cooling. Here, we have assumed that the Es-
sential Service Water availability is *he same as that of emergency
AC. This may be incorrect given a LOOP affecting both units; this is
discussed in Appendix C. Failures associated with lubrication c¢-e
assumed to be includes in the EMD pump failure probability.

3.4 Dominant Failure Mcdes

Let vij = unavailability of the dischange path from pump i's test
valve to steam generator j,
P; = unavailability of all compcnents upstream of the test
valve of pump i (including the test valve itself),

(Refer to Figure 2.1). Then the event "failure to provide flow from one AFWS
pump to at least two steam generators"” may be written

PaPg + Pa(VgaVgeVpc + VggVecYep *+ VBAYBCVBD

+
+ PB(VAAV BO c+ VeBVACVAD + VaaVacVap
ABVAD
+ hlghe er terms.

Barring substantia! common cause failures involving multiple-V events, it is
easily seen that the dominant contributors are contained in PpPg.

Valve maintenance un « flow control valve (e.g., AFO05E) would
effectively incapacitate an entire train, because it would be necessary to
isolate an entire discharge header from its pump. This would be a substantial
contribution to maintenance unavailzbility. Here, it has been assumed that
such maintenance acts either will not be performed with the reactor at power

or can be combined with pump maintenance.

For present purposes, then, the dominant contributions to the
AFWS unavailabil ty can be written

Unavailability = AH*BH-CH + AH<BM+CH+ + Ai*BH-CM

Where AH = Train A Hardware failures,
AM = Train A Maintenance,
BH = Train B Hardware failures,
BM = Train B Maintenance,
CH = Startup Train Hardware failures + Human Error,
CM = Startup Train Mainlenance,



and each quantity must be re-evaluated for each initiator. This expressica is
so constructed that no two trains are simultaneously out fc¢~ maintenance.

Figures 3.1-3.3 show simplified fault trees for each of the three
initiators conside:ed. These reflect the considerations leading up to the
above formula.

Foilowing are descriptions of the important contributors to the un-
availability of each train.

3.4.1 Data

Ideally, all of the data would be prescribed by NUREG-0611, but there are
important contributors whose values were not given in NUREG-0611. Two .
instances are diesel generator unavailability and diese! pump unavailability.
Here, the WASH-1400 value for diesel generator failure to start, and
NUREG-0611 prescribed data for diesel maintenance are employed. Diesel pumps
were not contemplated in NUREG-0611; we have adopted the B/B report's vaiue of
1 X 102 for the failure to start, and the NUREG-0611 prescription for
maintenance unavailability. The BA ~29)~:"s ralwe s H31324 91 41131 2)rtam2d
from Trojan, whose diesei-driven pump was initially much worse than this but
appears to have been improved to this level.

3.4.2 Domirant Contributors to Unavailability Given LMFW

Train A: The dominant contributors are described below and given in
Table 3.1. They are:

1. Maintenance and failure of the EMD pump, including control circuitry;

2. Failure of automatic initiation would be « large contributor except
that failures of manual backup initiation within the available time
has a fairly low probability.

Train B: The dominant contributors are described below and given in Table
3.2. They are:

1. Maintena.ce and failure of the diesel-driven pump, including control
circuitry;

2. Failure of automatic initiation would be a large contributor except
that failure of manual backup initiation within the available time
has a fairly low probability.

Startup Train: The dominant contributors are given in Table 3.3. They
are:

1. Probability of operator failinj to initiate flow (several steps are
. necessary);







contributor given LOOP. MNote that the crosstie option changes this conclusion
(Appendix C).

Train B. The dominant contributor is still the diesel-driven pump; the
unavailability given LOOP changes only because backup cooling and lubrication
pumps are no loncer available.

Startup Train. The startup train is unavailable.

3.4.4 Cominant Contributors fur LOAC

Train A. Train A is unavaiiable.

Train B. The unavailability is still dominated by the diesel-driven pump
unavailability.

Startup Train. The startup train is unavailable.

3.5 Summary of Results

3.5.1 Results

The AFWS unavailabilities are calculated in Table 3.4 and plottec in
Figure 1.1.

For LMFW, the unavailability of the AFWS plus startup train is
1.2X10-5/demand which is "High" reliability. For LOOP, the unavailability
of the AFWS is 2.6xi0-%/demand, assuming an inter unit crosstie and assuming
that LOOP affects only one unit (see Appendix C). For LOOP, the reliability
is "Medium". For LOAC, the unavailability is 2. 1X10-¢/demand, which is
"Medium".

3.5.2 Comparison with a Typical Three-Train System

LMFW. The B/B AFWS and startup train reliability is relatively high for
the TMFW transient. This is because credit is given for the startup train,
and because the design accords with NRC guidelines which minimize the
potential for single-point failures. Given the startup train, B/B essentially
has a three train system., The AFWS alone has a failure probability of
1.8X10-4 given LMFW.

LOOP: The reliability is reduced from the LMFW result by a factor of 60
for the LOOP initiator. This arises from a multiplicative combination of the
fol lowing:

a. The startup train is unavailable, giving a factor of 14;

b. The unavailability of Train A goes up by a factor of &,







3.7 Differences Between BNL Assessment and Commonwealth Edison Assessment

At this point, there is no single document or collection of documents
which describes B/B's position as BNL presently understands it. The original
report, while useful in itself, was generally considered not to have followed
NRC guidelines closely enough in its calculation. The report was followed by
a letter (Ref. 5), in which revised estimates of unavailability were given
without supporting details. Ultimately, there was clarification of a number
of points concerning both the guidelines and the analysis. Thus, a third set
of numbers is called for. This is provided in the present work.

Where the guidelines are clear, there is little scope for disagreement.
Where t.e analysis goes bevond the NUREG-0611 guidelines, there are sub-
stantive questions. Following are areas in which BNL differs with the utility
on points which were covered in the original report in a way which has not
been obsoleted by subsequent events.

1. Assessment of the startup train. The B/E report analyzes this train
as if hardware failures were negligible compared to human error. The analysis
is conducted assuming that LMFW events have negligible impact on the hardware
in this tiain. BNL considers that since this train is part of the main
feedwater system, extreme caution is necessary in taking credit for its abil-
ity to mitigate failures of the main feedwater system. This is due to the
fact that there is a relatively high likelihood that failures that cause Loss
of Main Feedwater will also cause failure of the startup train. Given this
interdependence of the accident initiator (LMFW) and the mitigating system,
BNL assesses the hardware unavailability given LMFW at a much higher value
than does the report. (See Section 3.2).

2. Frequency of loss of cffsite power. This was nominally beyond the
scope of the review, but some discussion of it is warranted because this
initiator frequency varies significantly from one plant to another.
Commonwealth Edison has suggested a figure of 0.017/yr for Loop frequency,
without providing full details. This seems overly optimistic; on the other
hand, there are grounds for expecting B/B's LOOP frequency to be lower than
average. This is discussed in Appendix A.

3.8 Common Cause

The B/B report mentions several possibilities for common cause failures:
the steam generators themselves, the automatic start logic, and failure to
isolate the blowdown lines, to mention a few. These are beyond the scope of
NUREG-0611. Additionally, the B/B report treats hypothetical potential com-
monalities parametrically, using the "beta-factor" method. This, too, is
beyond the scope of NUREG-0611.

One potential area of commonality is that of the valves regulating flow to

the steam generators. There are four paths from each pump, so losing flow
from one pump to two SG's due to control valve failures requires three valve

14






Figure 3.1

Simplified Fault Tree: Loss of Main Feedwater
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Figure 3.3: Simplified Fault Tree: Loss of All AC
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Table 3.1 (Cont.)

Valur Comments

ADDITIONAL CONTRIBUTOR GIVEN LOOP
AND CROSSTIE OPTION

1.72 x 10-3 3.6 x 1072 x (1 x 102 + 2 x 103 + 3.6 x 10-2)
Probability of Diesel Generator failure
and (operator failure or breaker failure
or failure of other unit's diesel)

3= 7.1 x 10-3 = AH (LOOP W/CROSSTIE)
7.9 x 10=3 = AM (LOOP W/CROSSTIE)

20



Table 3.2
DOMINANT CONTRICUTORS TO TRAIN B UNAVAILABILITY
CONTRIBUTORS FOR LMFW

Value Comments

(source is NUREG-0E11, unless
otherwise noted)

1 x 1p-2 Failure probability assessed in B/B report
for Diesel-driven pump, roduced from 3 x
102 failure probability observed at
Trojan. This value (I x 107¢) was
achieved after a period of "burn-in".

3 x 1074 Plugging of any of 2 suction valves or 1
discharge valve (10-4 each)

7 x 10°5 Failure of actuation logic (7 x 10°3)
and failure gf operator backup within 20
)

minutes (10

D = 1.08 x 10°2 = BH (LMFW)

6.4 x 10-3 Diesel maintenance 21 hr. x 0,22/720
2.1 x 10-3 Discharge valve maintenance 7 hr. x
0,22/720

8.5 x 10=3 = BM (LMFW)

™

ADDITIONAL CONTRIBUTORS FOR LOOP

3 x 103 Additional contribution to unreliability
of diesel-driven pump due to loss of AC -
powered services (B/B report)

1.34 x 10-2 = BH (LOOP)

t7

8.5 x 10-3 = BM (LOOP)

21



Table 3.2 (Cont.)

Comments
ADDITICNAL CONTRIBUTORS FOR LOAC

NONE

BH (LOAC) = 1.34 x 10-2

BM (LOAC) = 8.5 x 10-3

’ 22






Table 3.4

AFWS UNAVAILABILITIES

AH = Hardware & Human Error contributors to Train A unavailability.
BH = Hardware & Human Error contributors to Train B unavailability.
CH = Hardware & Human Error contributors to Startup Train unavailability.
AM = Maintenance contributions to Train A unavailability.
BM = Maintenance contributions to Train B unavailability.
CM = Maintenance contributions to Startup Train unavailability.

AH AM BH BM CH CM
LM W 5.4x10-3  7.9x10-3  1.04x10-2  8.5x10"3  6.2x10"2  5,8x10"
LOOP ,
NO CROSSTIE 4.14x10-2 7.9x10-3 1.34x10-2 8.5x10-3 i 0
LOOP,
CROSSTIE 7.1x10°3  7.9x10-3  1.34x10-2  8,5x10-3 1 0
LOAC 1 0 1.34x10-2  8.5x10-3 1 0

Unavailability = AH*BH*CH + AM+BH*CH + AH*BM*CH + AH*BH*CM

LMF W 1.2x10-5
LOOP ,
NO CROSSTIE 1x10-3

LOOP(one unit)
with CROSSTIE 2.6x10-4

LOAC 2.2x10-2

24
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power event ... is ... 0.1/reactor/yr." Apart from a tornado at Dresden, we
know of no other LOOP events at Commonwealth Edison sites (Dresden, Zion, Quad
Cities). Thus, this utiiity can claim some su'cess in this area, and an es-
timate in the range of 0.1 is not unreasonable.

In summa.;y: on the basis of what we have been given, the B/B estimate of
0.017/yr. is optimistic. On the other hand, there is evidence that B/B can
anticipate a lower than average LOOP frequency. BNL considers 0.1 to be a re-

asonable guess.

28



APPENDIX B

Comments on "Feed-and-Bleed"

According to the SRP, the AFWS unavailability is to be considered in light
of the possibility of other methods of core cooling. One such possibility is
"feed-and-bleed," in which primary coolant is permitted to escape through a
pressurizer relief valve ("bleed"), and is replenished by the high pressure
injection system ("feed"). The present discussion is intended to show how
credit for feed-and-bleed can qualitatively alter the conclusion that would be
drawn from a survey of the AFWS unavaiiability alone. It is not intended as a
comment on the feasibility of feed-and-bleed in general.

[t has been emphasized in this review that the two-train B/B AFWS does not
take advantage of the redundancy of emergency AC power. Thus, after a LOOP,
the reliability of the B/B AFWS is relatively low, being dominate by double
failures, some of which involve the unavailability of emergency AC Train A.
The fault tree shown in Fig., B-1 shows how to feed-and-bleed changes the pic-
ture. For purposes of this discussion, we have separated out the double event
“failure of all emergency AC given LOOP (which fails “feed") from other events
which fail high pressure injection. It is seen that given LOOP, the dominant
cut set is failure of Diesel Generators A and B and Train B of the AFWS. This
triple event is characteristic of the dominant contributors to unavailability
of a typical three-train AFWS, in which failure of both DG's fails the two EMD
trains, and the third event is the failure of the AC-independent train.

Thus, by using DGB for feed-and-bleed, B/B could argue that their dominant
cut sets for core damage given LOOP are the same as those at plants having
three-train AFWS's. Such a conclusion is, of course, based on the assumption
that failure of emergency AC is the dominant tailure mode of feed-and-bleed.
Scrutiny of this assumption is beyond the scope of this review.
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Figure b-la: Simplified Fault Tree Core Damage Following
Fxtended Loss cof Offsite Power
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APPENDIX C

INTER-UNIT BUS TIE

A major factor in AFWS unaviilability given LOOP is the unavailability of
emergency AC power on Train A. Because of this, in a very recent memorandum
(attached as Appendix D), the utility has suggestea that aiven a LOOP at Unit
1, say, there should be the option of connecting the 4160 V Bus 141 (Unit 1)
ts the comparable bus in Unit 2 (the Station Auxiliary Transformer on Unit 2
is sized to handle both buses, and in the event of LOOP on Unit 2 as well, it
is possible to shed come loads from both buses in order to carry Unit 1's AFW
pump on Unit 2's diesel generator).

This raises questions about possible new problems, which are beyord the
scope of the present analysis.

Given the feasibility of such an interconnection, the improvement in AFWS
reliability is substantial. The unavailability of emergency AC at Train A was
formerly “"unavailability of diesel generator A" (3.6 x 10-2); given the bus
tie, the unavailability of emergency AC is "unavailability of diesel generator
A and unavaiiability of emergency AC from !nit 2." If we assume no LOOP at
Unit 2, the unavailability of AC from Unit 2 is essentially due to human error
(10-2) and circuit breakers (2 x 10-3), If we assume a LOOP on Unit 2,
the unavailability of Unit 2's diesel now contributes as well, so *“at the
total contribution is 3.6 x 10°2 x (1 x 102 + 2 x 10=3 4+ 3,6 x 1. <)
= 1.7 x 10-3 (see Table 3.1).

This assumes that service water is not among the loads shed to permit Unit
2's DG to carry both buses. If service water is not available to the EMD
pump, then the benefit of the crosstie is not clear for the case in which LOOP
affects both units.

For a LOOP affecting only one urit, the variasle AH is now 7.1x10-3, and
one calculates a system unavailability of 2.6x10"".

In performing this calculation, the utility obtains 9 x 10'5, which is
a factor of 3 lower than the result given above. This discrepancy arises
chiefly because the Train B diesel-driven pump unavailability is taken by the
utility in the new calculation to be 5 x 10-3 rather than 1 x 10-Z as used
in Table 3.4. Originally, she utility assessed the pump at 10°¢; now, the
utility arqgues that 5 x 10~ corresponds more nearly to the NRC mandate
(knowing nothing about the pump, one could infer 5 x 10-3 from a table given
in NUREG-0611, which does not explicitly cover pumps of this type). A more
natural adaptation of the NRC prescribed data base would be to use diesel
generator data, which would lie closer to the 10-2 figure.
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APPENDIX D

Letter from T. T. Tramm (Commonwealth tdison) to H. R. Dentcn (NRC) with
memorandum,
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Commonweaith Edison

One First National Plaza, Chicago llinois

Address Reply to Post Office Box 767
Chicago. Vlinois 60690

December 15, 1981

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulaticn
U.S. Nuclear Regulatory Commission
washington, DC 20555

Subject: Byron Station Units 1 and 2
Braidwood Station Units 1 and 2
Auxiliary Feedwater System
Reliability
NRC Docket Nos. 50-454/455/456/457

References (a): September 18, 1981, letter from
T. R. Tramm to H. R. Denton.

(b): October 27, 1981, letter from
T. R, Tramm tc H. R. Denton.

(c): October 30, 1981, letter from
D. G. Eisenhut to L. 0. DelGeorge.

(d): November 10, 1981, letter from
T. R. Tramm to H. R. Denton.

Dear Mr. Denton:

This is to provide additional information regarding the
reliability of the Byron/Braidwood Auxiliary Feedwater System (AFWS).

References (a), (b) and (d) provided the results of
analyses of AFWS reliability for Byron and Braidwood. During the
review of these analyses with the NRC staff, certain ~ecalculetions
were requested. The recalculations have been completed and are
summarized in the enclosure to this letter. The reanalysis conforms
to SRP 10.4.9 by taking credit for a second auxiliary power supply
to the feedwater pump. An unavailability of 9.4 x 1077 per demand
has been cemonstrated.

Upon receipt of staff concurrence with this approach, the
response to FSAR Question 10.53 will be revised to include the
results of this reanalysis.

Please address questions regarding this matter to this
office.
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December 14, 1981

Subject: Byron/Braidwood Stations
Auxiliary Feedwater System Reliability Analysis
Second Recalculation

Summary of Results

Unavailability per Demand

Initiating Report (1) First Second
Event Recalculation (2) Recalculation

LooP 6.4 X 10-4 8.9X10-5 9.4x10-5

Assumptions

1. LMFW coincident with LooP (3)

2. LOOP considered on the unit under study only

3. Credit taken for manual breaker closure to BUS 141 from Bus 241

4. Other assumptions per NUREG-0611

Discussion

ESF Bus 141, the bus that supplies the 1A motor driven auxiliary
feedwater pump, is capable of being supplied from one of three sources:
The system aux transformer (SAT 142-1); the diesel generator (DG 1A); or
the Unit 2 ESF Bus 241. (See Figure 1).

In the event of a LOOP event, Bus 141 automatically transfers to DG 1A.
If DG 1A fails to start, the operator is abie to close two breakers from
the control room to feed Bus 141 from Bus 241, which still has power from
the system aux transformer associated with that bus or from diesel
generator 2A. The operator is capable of closing these breakers within
the 20 minute steam generator boil dry time assumed in this analysis.

The capability of supplying the Unit 1 ESF busses from the Unit 2 ESF
busses is not a new feature and has existed in the B/B design since its
beginning. In fact these crossties are the alternate source of offsite
power to the ESF busses required by our Technical Specifications. The
NRC Staff has reviewed this system and has found it to be acceptable.
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The crosstie between Bus 141 a2and Bus 241 is capable of feeding ail the
safety loads of Bus 141, The SAT on Unit 2 is more than adequately sized
to handle the safety loads of both Bus 141 and Bus 221, hence the use of
the crosstie does not compromise the safety of Unit 2.
The assumption of loss of offsite power to only one unit is supported by
the re_ults presented in Table 1. The total frequency of loss of ¢f fite
power to a single unit is 0.605 events/year. The major contribution o
the frequency is failure of the SAT's, which is 0.3 per transformer with
a total of 0.6 for the two transformers supplying a single unit. The
second contributor to the LOOP per unit is 2 fault associated with the
line supplying the ring bus section that fecds the SAT's of a unit. This
contribution is 0.005 events/ycar.

As can be seen from Table }, the events that cause loss cf offsite power
to both units is 3.6 X 10-%, the major contributer being tornado damage
(Atiachment A). This is a small number compared to *he overall estimated
frequency of LOOP to the uvnit, and hence, we have coacluded that the LOOP
initiating event is appl«cable to only one uni-.

However, under the condition of LOOP to both units, Bus 141 my still be
fed from Bus 241 when Bus 241 is being supplied from diesel/generator
2A. There are no breaker interiocks to prevent this operation.

The crosstie operation will be conducted under a specific set of
circumstances and controlled by a well defined emergency operating
procedure. The procedure will cover the following conditions:

LOOP has occurred on Unit 1 and there is no auxiliary feedwater
being supplied to the Uni%t 1 steam generators because the 1A

die el/generator failsto start and the 1B Auxiliary Feedwater pump
faiis to start.

a) LOOP has not occurred on Unit 2. The crosstie breakers may be
closed toc Bus 1471 to pick up AFW pump 1A.

LOOP has occurred on Unit 2. Unit 2 AFWS is cperating normally
and only normal shutdown loads are present. Both of the Unit 2
emergency diesels have started and are carrying their
respective ESF busses. The crcsstie breakers may be closed to
pick up Bus 141 and the 1A AFW pump. Nonessential loads on Bus
¢41 may be stripped in order to accomodate the 1A AFW pump
load. Diesc) generator 2A operation must be monitored closely
to ensure that the generator is not overloaded.




i

The above cperations can be completed within 20 minutes of the initiating
event, which is the steam generator boil dry time assumed in tkis
analysis.

We wish to emphasize that LOOP to both units is not an event that we
consider to be credible. Nevertheless the capability exists to ensure
sufficient auxiliary feedwater flow to the faulted unit.

The number associated with remote manual closure uf the two bre2kers
required to supply Bus 141 from Bus 241 is 1.2 X 10°¢ per demand.

There are two components to this unavailability number: 1X10-2 per
manual action (this is considered to be one manual action) and 1 X 10-3
unavailability per demand for each of the two breakers. The
g::aa}la?g}ity per demand cf diesel generator 1A was chosen to be

Conclusion(4)

Credit for use of two auxiliary power supplies to Bus 141 leaves us with
an AFWS unavailability per demand of 9.4X10-°, which meets the
requirements of SRP 10.4.9.

LAB:mnh
0984b*

38



Notes

(")

(2)

(3)

(4)

Table 4.3, under “"Automatic Startup with Manual Backup" p 4-14,
Byron Units 1 and 2, Braidwood Units 1 and 2, Auxiliary Feedwater
System Reliability Analysis, Final Report, dated August, T198T.

October 27, 1981 letter from T.R. Tramm to H.R. Denton.

NUREG-0611 assumed a diesel generator unreliability number of
1X10-2, We have not recalculated our system unavailability using
the lower diesel generator unreliabilit:, however it stands to
reason that the system unavailability would yet be lower than the
9.4X10-5 presented in the results section.

Other approaches to solving our dilemma of adequate AFWS
reliability without a second motor driven pump supplied from the
other ESF bus were considered. They are discussed in Attachment 2.




SYSTEM PLANNING
DEPARTMENT

”rab\w_e \

November 23, 1981

Byron Station
Loss of System Aux, Power Supply

Approx.
Frequency Dur ation
(Events/Year) (Hour 8)
G: id Collapse or Islanding < 10-8
%5 kV Switchyard lestroyed 3.6 x 104‘
by tornado
4-3%5 kV lines outa ied due 2.5 % 10.7 (1)
to independent and/cr common
mde outages
Subtotal - events isolating )
the entire statio: from the 3.6 x10
interconnected =y:tem
Cherry Valley line outage causes 0.005 1
LBB isolating SAT (‘\Smn.&)
Subtotal = 35 kV supply
to SAT 0.0054
SAT outage (2) 0.6 110
Subtotal -~ events outaging
one SAT 0‘605
Total - all events outaging 0.605

SAT

(1) Frequency increases dur ing 1ine maintenance outages vhich average less
than 1 day per line per year.

(2) Duration of outage on the faulted transformer. The other transformer
can generally be retained to service by switching within 1 hour. Frequency
is twice that for single full-sized transformer.

OMQ &M baned on Conmimenistalth wa‘x‘k,
wolem 4o ou:anuLStA.Aa1?rn 4u11rAaoﬂt
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Figure 1
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Figure la
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November 18, 1981 wa PLAN Liva
PDEPARTMING

AmacumenT 1

Complete Outage of
Byron Station Off-Site
Power Due to Tornadoes

The fr equency of “ornadoes outaging all sources of offsite power
to Byron Station has beeen estimated. Such outage could occur either from a
tornado damaging each of the rights-of-way leading to the station, or from a
tornado hitting the switchyard at the station.

The present Byron transmission plan utilizes 3 rights-of-way leaving
the station site in different directions: to Cherry Valley (21 miles northeast;
lines leave site in an easterly direction); KNelson (33 miles southwest; line
leaves site in a southerly direction); and Wempletown (30 miles north); line
leaves site in a northwesterly direction). A reasonably straight tornado path
cannot intersect all three rights-of-way except by hitting the relatively small
area of the station switchyard. The frequency nf this event is estimated as
once in 2800 years.

if the Wempletown right-of-way were eliminated, tornadoces heading in
the prevailing northeasterly direction and passing within five or six miles of
the station could outage both of the remaining rights-of-way. We estimate the
frequency of this occurrence as once irn 350 years, or eight times as irequent.
In this case the lines were modelled to the points where they intersect the
preseit Nelson-Cherry Valley right-of-way, as there is a negligible risk of a
tornado intersecting two rights—of-way on the same line but separated by several
miles.,

The results are based on 102 tornado path lengths and compass headings
observed in the Chicago area (the "Centennial" data) whose summary statistics
are as follows:

Standard
Mean Deviation Range _
Path Length (miles) 6.3% 10.45 0.52 - 68.4
Compass Heading (degr ees) 64.5 19.1 19 - 135

(00 = North, 90° = East)

The station switchyard was assumed to present a 900 foot wide "target" to any
tornado heading, allowing for the tornado path width,

The analysis method is an improved computerized version of that presented
by Mr., John Teles at the 1980 American Power Confererice, with certain analytical
refinements relating to the path lengths and compass headings of tornadoes.

?
LAY
A. W. Schneider, Jr,
System Planning Department

Approved: /? *’(




ther Approaches

e attempted to show that restoring offsite power to Unit 1 within the
team generator boil dry time, or even within the core uncovery time, is
credible event. Though we certainly have good feelings that following
ne transformer failure, the mos*t likeiy event, the operator can restore
he other system aux transformer within a sufficiently shert time

eriod. Similarly, if a Cherry Valley Line outage occurs, we are
.asonably certain that station personnel can isolate the fault and
estore power to the syste aux transformers.

nfortunately we have not compiled sufficient data to support our claim.
e are continuing to sear out data that will provice reasonable
eliability numbers fq op ~ action following either a transformer
ailure or a line outage. Until suc time we cannot assume that offsite

ower 1S restored
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