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Abstract specified problem, for purposes of comparing the
two approaches. To simplify NRC's methodology

This paper presents methods and find ing s of a comparison, BNL and LLNL were directed to cover
sys ems interaction study of Indian Point 3. essentially the same ground, i.e., analyze a
The study was carried out in suppo rt of the prescribed set of accident sequences. In
resolution of Unresolved Safety Issue A-17 on addition, to preclude Jup11 cation of ongoing
Systems Interactions. Fault tree methods were ef forts to resolve other . safety issues, certain.
employed. Among the study's findings is a sin- topics were declared out of scope, notably:
gle active failure in the low pressure injection " Human Factors" and control systems.
function; tt.is discovery led to a plant modifi-
cation. In this study, a systems interaction corre-

sponds to a reduction of the ostensible redun-
dancy of the system (s) performing a safety func-
tion. This includes, but is not limited to.

THE PURPOSE of this paper is to repott methods violations of the single failure criterion.i
and findings of a systess interaction study' Three types of systems interaction have beeni
conducted at Brookhaven National 1.aboratory in addressed in this study functional, spatial,.
support of the resolution in Unresolved Safety and induced-human. Functional interactions are-
Issue (US1) A-17. In addition to providing sup ; cases in which a functional failure leads.[port to the staff in resolving USI A-17 thei through hardware dependences, to effectivel3project discovered an important new class of ' reduction in redundancy; an example is hardware
failure modes which led the utility to implement shared between trains. Spatial interactions
a hardware modification.' Below, the scope of propagate f rca one component to another spatial-
the project is indicated, key features of the' ly, rather than functionally; an example is a
method are highlighted, principal findings are, pipe ruptu're near an instrument rack, causing it;discussed, and comments are of fered on the use- to fail. " Induced-human" refers to cases in}fulness of this type of study. which an operator who is correctly followingt

procedures is induced by an instrument failure
SCOPE to take actions which are counterproductive or

nonproductive to safety.
Several years ago, NRC solicited recommen-

dations on how be st to study systems Interac- METHOD
tions. Brookhaven National Laboratory (BNL)j

5
recommended a staged application of fault trees | The method employs technique which are

andinteractingfailuremodesandeffectsanaly-| standard tools of PRA, namely, fault trees and
ses (FT/IFMEA). Lawrence Livermore National event trees. However, emphasis is placed oni
Laboratory (LLNL) recome nded an

alternativef obtaining results f rom the model before details
(" digraph") method of generating cut set s.' - of individual components are developed and af ter
Subsequently, each laboratory was contracted by ; support system faults are reflected in the
NRC to apply its recommended method to ai model. A given frontline systes is modeled to a

__ ! level of detail corresponding to seguents, or
* Work perf ormed under the auspices of the U.S. supercomponents consisting of elements inNuclear Regulatory Commission. series; local faults whose sole effect is to

iViews expressed are not necessarily those of fail a given supercomponent are coalesced into a 1

the Nuclear Regulatory Commission. single event amounting to " local fault of the
.
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supercomponent," while all support faults are conservatism. These were relegated to an appen-
treated explicitly. The resulting fault tree is dix in the report', while the remaining handf ul
not de; ailed in its treatment of local faults, were discussed further. Here, an example will
but 14 logically complete in the sense that all be given to illust rate the culling process. In
posr4ble system failures are implicit in some the following subsection, " findings" and candi-
cor oination of the coalesced event groups which dates for further analysis will be presented.
a' e the building blocks of the model. Leadic.g
at sets of the resulting fault trees can easily' Cut set number 12 in the results for the
be obtained; as a result of the disciplined RCP * U core damage sequence (RCP seal 1DCA *
approach outlined above, the computational prob- f ailure of high pressure injection) is "TR-LOOP
lem is far less severe than it is when detailed * SWN17-A." TR-LOOP is loss of of f site power,
lists of individual failure modes are explicitly and represents the initiating event in this
incorporated into the logic. The cut sets of case, and SWN17-A is insufficient flow through
the resulting fault trees explicitly display nuclear service water segment number 17. This
combinations of support system faults and front- segment supplies nuclear service water to all
line system faults in a format which lands three diesels, and, as one would expect, appears
itself to review and understanding. It is in a relatively large number of cut sets in a
emphasized that low-probability events are not number of sequences. This particular cut set
omitted f rom the model; all credible events are emerses from tne model for this aequence because:

implicitlymodeled,butaresubsumedintooneor|
the support systems required to cool the RCP'

another of the supercomponent local fault seals lose power, and the HPI system needed to
events. mitigate the postulated resulting seal LOCA also

luses power. This is correct as far as it goes.
Emphasis has also been given to proper con- te t it does not go far enough. Before consider-(

ditioning of the failure events on the character ing time available for recovery, consider the |
of the initier.ing event. A fault tree for tran- event SWN17-A. This segment can itself cr.use
sient initiators was developed, based on FMEA of insufficient flow by rupturing, by being
support system faults. Certain conditions were , plugged, or by having a manual valve plugged or
explicitly displayed on the f ault trees pres . closed. In short, either a passive failure or er
ence of an SI signal, whether or not the LOCA: human error is necessary to cause this event.

"small," bus undervoltage signal, etc. NOT " Induced-human" causes for this were sought andwas
logic was used to distinguish failure modes not found, there being no indication which could
appropriate to different conditions. induce an operator acting by procedures to

deprive the diesels of cooling. Human error is
Studies of spatial interactions and arguably possible (always) but both labs were

induced-human interactions are based on the directed by NRC to confine modeling the human to!functional model. Cut sets of the functional the induced-human area; although some aspects ofI
model can be examined to see whether spatial or plant design forced *he study to acknowledge the
induced-human coupling cas " shorten" them by role of the operators, BNL did not quantify-
causing two or more events to become effectively classical procedural errors as part of thea single event. Information regarding locations. study. Even if a screening probability isof components can be incorporated directly into assigned to this error It must then be consid-
ihe model, as can information from reattor ered thats
operator task analyses which would show what
instrument conditions might cause an operator to a) offsite power must be lost for a very long
propagtte a fault.

time unless extremely high leak rates are;
postulated;

|As eutlined above, the model was con- b) the diesels must be irretrievably damaged ini
structed to yield the minimum number of cut sets- the first place, in spite of no other fail i
which would :till properly reflect the logic of ures having occurred to distract the opera
the system and span the appropriate range of tors' attention from the status of thefailure modes. These cut sets were then culled diesels;
by the following criteria. In the BNL study, to c) power can be made available from the gasqualify as a " finding," a cut set was required * turbines.

3

a) to have been previously undiscovered, i.e..' To summartre, then, this cut set and a<
not part of IPPSS; number of stallar ones were considered by BNL inb) to exceed 10-8 events /yr in frequency, quan-- the culling process, and included in an appen-
tified with IPPSS data; dix. The comments by LLNL and others2I that BNs.c) to correspond to a systems interaction; did not " find" this interaction should be modi-

d) to represent either a functional, spatial,' fled to indicate that while BNL explicitly lists
or induced-human coupling. this cut set among the results of its model,

only LLNL has chosen to assign a high frequencyIt was found that most cut sets emerging from. of core darage to this sequence.the model were either already well known, werei
;extremely unlikely, or represented a severe;

I
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Table 1 - Examples of How Each Top Event Can Be Caused from Within the Indicated Zones

Example of Camponent Combination Residing i

Top Event Zone in Zone, and Capable of Causing Top Event.
.-
e

D (LPI failure) F3 RHR pump 31 and cabling for RHR pump 32.
F4A Cabling for RHR pumps 31 and 32.
F7A Cabling for RRR pumps 31 and 32. *

F9A Cabling for RHR pumps 31 and 32.
F11A Cabling for RHR pumps 31 and 32.
F12A Cabling for RHR pumps 31 and 32.
F14 Cabling for RHR pumps 31 and 32. jF15 Cabling for RHR pumps 31 and 32.

3F13 Battery 32. -

F17 MCC 36A & HCC36B (pewer for LPI valves).

U2 (HPI given F9 HPI pumps 31, 32, 33. !
small LOCA)

Fil Cabling for HPI pumps 31, 32, 33.
F14
F15
F17A

Ug (HPI given All zones
medium LOCA) applicable -

to Ug.

F60A Cabling for HPI pumps 31 and 33.

L (AFWS Failure) F11 Cabling for AFWS pumps 31, 32, 33.
F14 Cabling for AFWS pumps 31, 32, 33.
F13 Cabling for AFWS pumps 31. 32. 33.
F23 Location of AFWS pumps 31, 32, 33.

T*L Fil Cable spreading room: cabling for
SW & CCW pumps and AFL* pump.

F14 Switchgear room: transient (e.g. , Loss of
CCW or SW) and cabling of ATW pumps.

F15 Control room (transient and loss of pump
. control)

S (P) Fil Cable spreading room: cables for CCW pumps2

and charging pumps.
F14 Switchgear room: cables for CCW pumps and

charging pumps.
FIS Control room (control of CCW pumps and

charging pumps).
F17A CCW heat exchangers and cabling for charging

pumps.

S (P)*U2 F11 See table above for zones yielding S (P)2
2

and zones yielding U 2
F14
F15
F17A

S (P)*L Fil See table above for zones yielding S (P)2
2and zones yielding L.)

F14
F15

..
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FINDINGS Even following the PRA, this study found an
important new class of system failure modes

SPATIAL INTERACTIONS - Table 1 illustrates which led the utility to implement an immediate
candidate spatial interactions. Each esble hardware modification. This finding resulted
entry notes a critical combination of components f rom a systematic development of support system
located within a fire zone #; these combinations failure modes which was logical'y complete, but
are therefore candidates for physical analysis sufficiently disciplined in its level ot detail
to see whether any credible event could degrade that an explicit determination of leading
all components in the combination. Physical fully linked cut sets was feasible. It is
analysis of this sort is beyond the scope of the noteworthy that the finding emerged from a
proj ect, systematic computerized application of logici

i techniques, and was not anticipated by any of
FUNCTIONAL INTERACTIONS - It was found that! the analysts.

loss of de at power panel 32 has pervasive
effects in several accident sequences. Most The conclusion is that a PRA which explicit-
notably, loss of battery 32 prevents automatic ly develops all support system faults and gener-
actuation of low pressure injection (LPI) fol- ates fully-linked cut sets is an important con-
loving a large or medium LOCA. The situation is tribution to understanding 1 plant and helping
illustrated in Figure 1. The two LPI pumps, to assure that there are no previously unsus-
(denoted RHR 31 and 32 in the figure) derive; pected interactions.
power from 480-V ac buses 3A and 6A. In thei
event of a LOCA, the safeguards actuation signal. M/[[, MC','|,''
causes MCC37 to be shed from bus 6A, leaving dc h6st' * *

'"power panel 32 dependent on the battery. If the j I
battery is unavailable, there is no control dc ' a s.v

*
, , , , ,,to operate the breaker of RRR pu=p 32. De powerI * ,

*

panel 32 also controls f ast transf er of e.9-kV! I | l
bus 3; without battery 32, then, 480-V but 3Al 33 II I" II' "

loses of f site power and RHR Pump 31 losea power - I I

ears *as a result. Before the recent plant ea !a * ' 4,cy j
e a sa.

modification, no automatic action restored power !

{ (~. # fIf ito 480-V Bus 3A because tie breaker 2AT3A was
configured to close only on closure of the DG31 g g;o

m y 4 , jybreaker, which does not occur in the present: ,

e e

scenario because 480-V bus 2A never loses- ' " " ' ascs
voltage. Therefore, given unavailability of *
battery 32, a safeguards signal leaves RRR 32 .- o er. , s2

without control de and leaves RHR 31 without ac ' " ' ' ' ' " * e.",,, m 2
Power. The recent modification changes the * 0''N.NcE2'*** { [logic of breaker 2AT3A so that in this scenario cN-=, ese me n,we ec h-** 25 s ecit will automatically close, powering 3A 4 rom 2A ***'**'W''ee,,, % 32 ge;
and allowing RER 31 to function.

L*"6 s . ,' 9'NS*
s4

I

CONCLUSIONS
'

as ,ea s
**3''"''

After developing a plant model and Figure 1 Indian Point 3 Electrical
obtaining its preli:r.inary cut sets, BNL applied Power System Normal
stringent criteria to these cut sets to assess Conf igu ra tion.
their significance. As would be expected for a
plant which had undergone a major PRA, a
licensing process, and several years of REFERENCES
operation, the probabilistic weight of the cut
sets surviving these criteria for the handful of 1. Youngblood, R., N. Hanan, R. Fitzpatrick,
sequences analyzed is not great (somewhat less D. Xue, G. Bozoki, A. Fresco, I. A. Papazo-
than 10-5 per year). 0n the other hand, a study: glou, S. Mitra, C. MacDonald, and T. Mazour,
of this type will st normally be carried outi " Fault Tree Application to the Study of
for plants which have already undergone. Systems Interactions at Indian Point 3,full-scope PRAM. It is much more natural to (NUREG/CR-4207, April 1985).
perform a study of this type as part of a PRA.
Therefore, the highly constrained set of 2. "RRAB Inputs to the USI A-17 Program, NRC
" findings * emerging from BNL's rather stringent memorandum f rom A. Thadani, Reliability and
criteria is too pessimistic a yardstick for Risk Assessment Branch, to K. Kniel, Generic
assessing the probable benefits of a study of a Issues Branch (March 20, 1985).
plant lacking a PRA.
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3. " Daily Highlight - Loss of RHR at the Indiani 7. Review of the Indian Point Station Fire Pro-
Point Nuclear Generating Plant, Unit No. 3 tection System, Consolidated Edison Company
(IP-3)," NRC memorandum f rom P. J. Polk to of New York and Power Authority of the Statal
H. Denton, Docket No. 50-286 (July 1984). of New York (December 1976). '

4 " Final Modification to Engineered Safeguards 8. Indian - Point Probabilistic Safety Study,
Features to Mitigate Potential Consequences Power Authority of the State of New York,I
of Battery No. 32 Failures," Attachment to Consolidated Edison Company, New York. Inc.!
letter f rom J. P. Bayne (NT Pa) to S. Varga (1982).
(NRC) Docket No. 50-286 (October 31, 1984).

9. Alesso, H. P., et al., " Digraph Matrix

5. Busiik, A., 1. A. Papazoglou, and R. A. Analysis of System Interaction at Indian
Bart, " Review and Evaluation of Systems Point-3," (STREG/CR-4179 Draft, Vol. 1,
Interactions Methods * (hTREC/CR-1901,1981). August 1984).

I

6. Alesso, H. P., I. J. Sacks, and C. F. Smith,
" Initial Guidance on Digraph-Matrix Analysis.
for Systems Interaction Studies (hTREC/CR-
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