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SYSTEMS DIVIiSION

GENERAL ELECTRIC COMPANY, 175 CURT ‘ER AVE , SAN JOSE CALIFORNIA 95125 ;’1;3:‘;2;%1

MC 682, (408) 925-2606

August 21, 1981

U.S. Nucle ~ Regulatory Commission
Nuclear Reactor Rejulation
Instrument & Control Systems Branch
Washington, D.C. 20555

Attention: Jim Knight
Gentlemen:
SUBJECT: LOW-LOW SET RELIEF LOGIC FAILURE MODE

This letter responds to your request for additional information cencerning
a postulated failure in the low-low set relief logic that would result in
both the "low" and "mid" valve reopening a second time.

GE has evaluated the sequence of events and timing of the postulated failure
and found it to have an occurrence probability of 6 x 1077 per reactor year.
For comparison, we have also calculated the probability of any 1 of 17
remaining SRV's {typical 238-sized plant), inadvertently actuating concurrent
with the "Tow" valve and found this to be 1.3 x 10 ® per reactor year. We
believe the probability of occurrence for either of these scenarios is
sufficiently low and should be excluded for design purposes. This is based
on the following:

1) The U.S. Nuclear Regulatory Commission's standard review plan,
Sections 2.2.3, 3.5.1.5, 3.5.1.6, and Regulatory Guide 1.115 gives
an acceptance criteria of 10 7 per year (probability of occurrence
and consequences). The GE analysis for each postulated event
represents probability of occurrence alone, yet is approximateiy
within an order of magnitude of the 10 7 acceptence criterion.

2) The U.S. NRC standard review plan 2.2.3 aiso gives an alternative
accentance criterion of 10 ¢ per year for an accident (consequence) if
the basis for the probability estimates can be shown to be conservative.
The analysis performed by GE is believed to be sufficiently con-
servative for the following reasons:

o The master and slave trip units were considered as <cparate
contributors to the failure scenario even though their combined
failure rate would have generated lower overall probabilities.
This is because some components are shared with the master-to- "
slave configuration. ’ ’
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0 The containment load definition for multiple safety/relief
valve actuations is conservative by at least a factor of 2
for all frequency ranges. (This was determined as a result
of 59 "Monte Carl¢" simulations compared with test data
caken at Ceorso and is document2d in GESSAR II, Appendix 3B,
Attachment N. Figure 3BN-59, in combination with Figures
3BN-5U thru 3BN-58, demons*rates the conservatism of the
SRV methodology in predicting Caorso test results. Figure
3BN-59 further validates the conservatism in the peak
spectral valve selection process.) The most extreme loading
occurs for 2 adjacent valves in which the peak pressure is
twice that of a single valve. The prohability of inadvertant
concurvent actuation of either valve aajacent to the “lTow"
LLS valve is only 2/;7 x 1.3 x 1077 = 1.5 x 10" ® per reactor
year,

The Requlatory Staff concluded, as in the case of Brunswick
(munition ship explosion), Trojan (tornado) and Shoreham
(missile) that if the probability of resultant_damage to the
plant was sufficiertly low (on the order of 10 ® per reactor
year) that no special desijn features were required. The ACRS
concurred in each of these assessments. In these scenari~s,
plant damage was assumed directly as a consequence. However,
it is very unlikely that plant damage would occur from sub-
seouent actuation of 2 SRV's.

T"e assumption and details for the reliability analysis are given

in Attachment 1. A comparable analysis is also included for Grand
Gulf (relay) logic. The FMEA analysis used as a basis for the
calculations is contained in Attachment 2. Please contact Bob Strong
(408) 925-1728 for additional information.

Very truly yours,

JF . irk, Manager
R Standardization

Nuclear Safety and Licensing Operation

Attachment




ATTACHMENT 1

PROBABILITY CALCULATTONS FOR LOW-LOW SET RELIEF LOGIC FAILURE MODES

while the Low-Low Setpoint (LLS) logic is sealed in, certain types of
random single failure of some components could lead to inadvertent
actuation of an additional valve. For such actuation to be coincident
with the actuation of the "low" LLS valve, the failure must occur during
a 1.5 second interval when the "low" valve pressure loading is at its
peak. (The 1.5 second time is twice the .75 second duration of the
idealized quencher bubble pressure oscillation in the suppression pool.
This is taken from NEDO 22A4365, "Containment Loading Report -

Mark II1," and is also documented in Appendix 3B of GESSAR II.) Note
that if the failure occurs before or after this 1.5 second interval,
then it is of no concern (i.e., in the context of multipie subsequent
actuation). The following components in both divisions are considered
in this analysis.:

Pressure Transmitters NO68A, NO68B

Master Trip Units N668A, N668R

Slave Trip Units N617A, N61/B, N669A, and N6698B
Voltage interfaces associated with slaves above
Logic gates associated with the "mid" LLS valve
Load drivers for all safety relief valves
Safety relief valve mechanical failures
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The initial failure rates (1) are assumed per the following source
table:

FAILURE RATES

Component/ Failure Rate )
Failure Mode (x 10%/hr) Source Remarks

Pressure Transmitter

High Qutput 0.€25 2

Master Trip Unit

Fail to Function 56.12
Fail High

o
o
W

Slave Trip Unit

Fail to Function 42.48 1
Fail High 4.2 3

Voltage Interface (ACUI)

Fail to Function 6.
Fai1l Closed 0
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Component/ Feilure Rate )

Failure Mode ‘x 108/hr) Source Remarks

Logic Gate

Fail to Function 0.6 Based on a
Fail Closed 0.06 3 review of NSPS

fail rates in

Source 1
DC Load Driver
Fail to Function 5.9 1
Fail Closed 2 B
Valve Mechanical
Inadvertent Operation 0.42 5 Applicable for

Target Rock;
conservative for
Crosby and Dikkers

Sources:

1. Previous analysis based on MIl-HDBK-217B.

2. 1EEE Std 500-1977, Table 9.2.1

3. Assumed 10% of A for "Fail to Function" (as ir WASH-1400,
Table 111-4-2).

4, Assumed 33% of x» for "Fail to Function" (as in WASK-1400,
Table 111-4-2).

5. "“Reliability Analysis of Target Rock 67F relief valve

NEDM-10824-10.

During the course of 40 years, the "low" LLS valve may conservatively be

expected to actuate for 106 isolation events at 15 peaks each. So
there are 106/40 x 15 ¥ 40 of the 1.5 secund intervals expected to occur

during each reactor year.

Probability Calculations

1.

Pressure Transmitters NO68A (in Division I), NO68B (in
Divicion II). Probability of failure during any 1.5 second

interval is:
» failures 1 hr 1.5 sec 40 intervals

hr X 3600 sec * interval * yr

2 transmitters x

=2 x .625 x 10-6 x 3-2%5 = 0.2 x 10-7 failures/yr



Master Trip Units N668A (Division 1), N668B (Civision II).
Probability of failure during any 1.5 second interval is:

2 x 5.6 x 10-6 x 3§gﬁ = 1.9 x 10-7 failures/yr

Slaves N617A and N669A in Division I and N617B and NJ69B ir
Division II: Probavility of faiiure during any of the 1.5 second
intervals is:

=4 x 4.2 x 10-5 x gggﬁ = 2.8 x 10-7 failures/yr

Voltage interface associated with units above. Probability of
failure Auring any of the 1.5 second intervals is:

4 x 0.6 x 10-6 x T%%U = 0.4 x 10-7 failures/yr

Logic gates associated with actuation of the "mid" LLS valve:
There are three gates in each divisiun. The probability of failure
of any one of the gates during any of the 1.5 second intervals is:

3x2 x 0.06 x 10-6 x 5%86 = .06 x 10-7 failures/yr

DC Load Drivers. A1) BWR/6 plants have safety/relief valves
controlled with two load drivers each (one per division per valve).
The probability of each valve inadvert-ntly actuating due to load
driver failure during any of the 1.5 second intervals is:

2 load drivers = ) failures =~ _1hr 1.5 sec_ , 40 intervals
valve hr 3600 sec = interval ~ yr

2 x 2 x 10-% x 3%%5 = 0.67 x 10-7 failures/valve/yr

Valve Mechanical Failure: The probability of each valve inadvert-
ently actuating due to its own mechanical failure during any of the
1.5 second intervals is:

0.42 x 10-® x 3%%6 = 0.07 x 10-7 failures/valve/yr

Conclusion

The probability of both the "low" and "mid" valve actuating during the
Low-Low Set seal-in mude (second pop) is totalled as foliows:

1. Pressure Transmitters (2 as calculated): 0.2 x 10-7/yr
2. Master Trip Units (2 as calculated): 1.9 x 10-7/yr
3. Slave Trip Units (4 as calculated): 2.8 x 10-7/yr
4. Voltege Interfaces (4 as calculated): 0.4 x 10-7/yr
5. Logic Gates (6 as calculated): 0.06 x 10-7/yr
6. DC Load Drivers (2 as calculated): 0.67 x i0-7/yr
7. Valve Mechanical Failure (1 as calculated). 0.07 x 10-7/yr

Total "Mid" Valve Failure Probability: 6 x 10-7/yr
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Grand Gulf is a 251-size plant with 20 safeiy/reiief valves.
"Mechanical vuive Failures" is the only remaining function for

a relay plant which can siagly actuate any valves (other than
the "low" or "mid" valve after low-low set seal in). With

the "low" valve actuating and the "mid" valve already accounted
for above, the probability of any one of the remaining i8 valves
actuating in coincidence with the "low" valve is

18 x .07 x 107 7/yr = 1.26 x 10" 7/yr.



LEGEND:
P=PROBABILITY
S=SIGNTF TCANC
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FAILURE MODES AND EFFECTS ANALYSIS

SYRTEM/SUBSYSTEM. BWR/6 Low-Low et Logic Desi L-LOW T SN ey
: /6 Low-Low “et Logic Design M=MEDTUM
MODE OF SPECIF IC LOCAL OVERALL unrnmuny-_([iu)u) "

o FARLURS erercror ranume | MO OFTECTEO POTENTIAL EFFECT | COMP PROVISIONS | ¢ unit.:: wmm - B
Press Fails Low [None Gross FailurdFéils to arm one Division 11 1 flectrical ]
XMTR (no output) Detector cnannel on demand
(NO6BA) Disables one
(NO6BE ) Divisior

Fails High %nne (Same as Arms one channel Second channel |L Electrical M
(Shows High above) during normal
Press) operation. (Both channels
*Actuates 'mid' LLS have to be g
Drifts Low [Similar to Fails valve if the armed for valve
& High & Fails Low failure occurs actuation).
Drifts High Respectively after arming the
LLS logic.
(*NO6EA only)
Fails Low ﬁone Self Jesting Fails to arm one Division 11 i Electrical M
(0 at out- Feature channel for SRV
put) actuation & LL set
arming.
Fails High ne "
(1 at out- Arms one channel Second Channel |L Electrical M
put) for SRV actuation
Master Trip & LL set arming
Unit when not reqd.
N6E6SA *Actuates ‘mid' LLS .
(N6GSBE) Drifts Low pimilar to Fails valve if the L M
s High & Fails Low fatlure occurs
rifts High Respectively after arming the
LLS Togic.
(*N668A only)
Fails to arm one Division [1I L Electriral M
channel for SRV's
rFai]s Low one belf Testing set at 1113 psig &
(0 at out- Feature 7 |fails to arm one
put) channel of LL set
Logic.
Slave Trip Inadvertent Arming | Second Channel |L Electrical
Unit of one channel for r‘
N66IA* E.ilg High +0.~ " " SRV s set at 1113
(NK6IE) 1 at out- psig & one channel
put) jof LL set logic
*(N669A only)
Drifts Low . ‘milar to Fails Failure coinciding
L igh & Fails Low ith LL set valve
Pritts High *ospect‘vely pening following
Lset arming can
ause multiple
ubsequent relief
alve actuation )
hir/119 hjr/20
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GENERAL GG ELecTRIC

FAILURE MODES AND EFFECTS ANALYSIS

SHEET NO

CONT ON SHEETY

)

L :

a transient in
which the LLS logic
15 armed, this
failure causes
immediate actuation
gof "mid' LLS valve

SYSTEMBUBSYSTEM: BWR/6 Low-Low Set Logic Design
OVERALL EFFECT ON SAFETYTY X
L — - ——— - — CAUSE OF —{ COMMENTS
SPECIFIC LOCAL e T < ]

e :Tm:: FHFL" OF !iAlumt i bads i vuv!n!ru( cu_ru‘v C()np_mnwmons_.“_p“ —; FAILURE MODE ’
Logic Gate | Fails Cpen |[None Seli Test- Cannot open 'low' Division 11 L jL JElectrical M
AGE ing LLS valve initially

No impact on sub
sequent opening
following LL Set
Logic arming
Fails pone Valve - Causes inadver-  |None L |L Electrical M
Closed Pctivates tent opening of
"Tow" LLS valve
Logic Gate |Fails Open None Kelf Test- Fails ‘mid' LLS This is a back- |L L Flectrical “
AG3 fing SRV actuation in up for 'low'
the LLS mode. LS valve
Normal actuation ctuation
in non-LLS mode function
15 not affected
rFails &nnn pelf Test- None during normal None L R lectrical M
Closed ng operation following

hir/126
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IR AL $G ELECTRIC

FAILURE MODES AND EFFECTS ANALYSIS

SMEr THD

CONT ON SHEETY

1)

S ETEMSURSYSTEM HBWR/6 Low-Low Set Logic Design
el ﬂv[’lll_”lflf' ON SAFETY L L CAUSE OF
. :'1’333: tc?:ccv"(;f :‘:f:n:a( g i POTENTIAL EFFECT cowe srovisions | » | 3 FAILURE MO0 ’ ‘"‘
Ltogic Gate Fails Open | None Seif Test- Cannot open 'low' Division [1 I JElectrical LJ
ER4 ing LL Set valve thru
Division |
Fails None Valve ~Will cause in- None L lElectrical ™
Closed Activates advertent opening
of "low' LLS
valve.
Logic Gate | Fails Open | None Self Test- Cannot open certain | Division |! L JElectricel |
AG4, ing SRV's through
AGS, Division 1.
AGH Fails None Valve - Causes inadvertent] None M lElectrical ?‘
Closed Activates actuation of certain|
uSRV's.!f failure Vi
occurs simultan-
eously with the
actuation of 'low'
LL Set valve, de-
<ign objectives are
not met,
Logic Gate | Fails Open 'None Self Test- QCannct open 'mid Division I1 L JElectrical #
£G4 | ing LL Set Valve
Fails None Valve - Causes inadvertent L |Electrical 3
Closed Activates lactuation of mid
LL Set valve. If this
ratlure occurs Ve
[simultaneously with
the actuation of
"Tow' LL Set valve,
esign objective of
L Set will not be
B
1 _)

hjr/129
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