L)
HAZARDS ANALYSIS

POTENTIAL FOR

BORON DILUTION

OF REACTOR COOLANT
SYSTEM

Prepared by

TMI-2 Licensing and Nuclear Safety Dept
Risk Assessment Section

September 1985 « Rev, 2

8%10040296 ”'_"I‘QH
P DR ADOCK 050K "m"




4430-84-007R
Revision 2
September 1985

HAZARDS ANALY

POTENTIAL FOR BORON DILUTION
OF REACTOR COOLANT SYSTEM

Risk Assessment Section

Director, Ucms’n” lur Safety
%i' ksns; #Amnr



TABLE OF CONTENTS

PRI s &+ ¢« 42 8 o Wk b ole ook w0 le TN
2.0 APPLICABILITY/SCOPE . . . . . . . . . . v v v v v u v
3.0 SUMMARY OF RESULTS . . . . . . & © v v v e e e e w
B0 MIREEES. . o ¢ & 5 5 v s s s s e e E e s s
Bl EDOPREII ¢ & s o os ke e e e N A

4.2 Analysis Approach . . . . . . . . . . . . . . ...

4.3 Assumptions and Limitations . . . . . . . . . . . .

I e R R
4.4 Potential RCS Dilution Points . . . . . .

4.4.2 Potential Dilution Sources. . . . . . . .

4.4.3 Isolation Barrfers . . . . . . . . . ..

4.4.4 Failure Probability per Pathway . . . . .
4.4.5 Estimate of Plant Dilution Probability

4.4.5.0 DVlution Volume. . . . . . . . . . .
$4.5.2 BMlstteaMate. . . . . . .« ¢« ¢ ¢ o
4.4.5.3 Detection and Mitigation . . . . . .
4.4.5.4 Probability of RCS DiVlution. . . . .
50 DA i . - o5 00 i ohs e e e s
Y DT « 5 6 ¢ 5 o v 45 00 &8 6.5 58 % &2
P TR & o 5 ¢ 5 0 2 55 e a s N e R e
Appendix A: RCS Feed and Bleed . . . . . . . . . . . . . ..
IR B P PINY : . c b v s a s s e E S
Appendix C: Refueling Canal FAVY . . . . . . . . . . . . ..
Appendix D: IIF Processing . . . . . . . . « « v « v v o o
Appendix E: Defueling Water Cleanup System . . . . . . . . .

5

W N e s W N -

E§8S2=888%33

A-1
8-1

0-1
£-1

| 2



£.2

List of Tables and Figures

Potential Dilution Points to RCS Primary . . . . . . . .
Potential Dilution Sources for RCS Dilution Points . . .
Isolation Barriers to be Placed on 24-hour

Checklist During Static Conditions . . . . . . . . .
Isolation Barrier Configurations per RCS Area . . . . . .

Hardware Failure Probabilities for Various

Types of Dilution Barrfers . . . . . . . . . . . ..

Probability of Selection (Type I) Error . : . . . .

Probability of Incorrect Procedure Use (Type IIb) Error .

Probability of Failure per Isolation

Barrier Configurations . . . . . . . . . . . . . ..
Total Fallure Probability per Isolation Type. . . . . . .
Recommended Monitoring Frequencies. . . . . . . . . . . .

RCS Primary Side DVlution Points. . . . . . . . . . . ..
RCS Secondary Side Dilution Points. . . . . . . . . . . .

Simplified Schematic of RY Processing Using Dedicated

RS CODRRIEEE « ¢ ¢ ¢ o + 5 5 % & 6 ¢ 6 5 % 5 8 5 6 & &

Simplified Schematic of RY Processing Using DWCS

and SOS Components . . . . . . . . . v v h e e e e

- 11 -

8
19

34
37
42




1.0 PURPOSE

The purpose of this analysis is to assess the potential for boron
dilution of the TMI-2 reactor coolant system. Revision 0 of this
analysis identified methods of isolating the RCS that provide a high
degree of assurance that a dilution event will not occur. Revision 0
considered several plant operations that have been important to recovery
operations to date. The isolation methods recommended in Revision 0
were implemented through appropriate plant procedures.

Revision 1 of this analysis was issued primarily to consider the effects
of criticality analyses which indicated that a higher boron concentration
(4350 ppm B) was applicable under some circumstances than was assumed in
the Revision 0 (3500 ppm B). Other changes in Revision ) included the
addition of reference: that described the mixing characteristics of a
potential dilution inflow and a more refined analysis of dilution/
mitigation capability. Modifications made in Revision ) are indicated by
a vertical "ine with the number "1%.

The purpose of this revision is to consider the boron dilution potential
associated with operation of the Defueling Water Cleanup System (DWCS).
The DWCS analysis is provided as a new appendix, Appendix E;
modifications to preexisting sections of the report are indicated by a
vertical Vine with the number *"2*. It should be noted that, due to
schedular constraints, only minor editorial changes were made in report
sections other than Appendix E. Thus, .he main body of the report has
not yet been modified to include specific additional issues as requested
by various groups (e.g., Design Engineering, TAAG, SRG); 1t 1s planned
that an additional revision will be made to include these issues. The
OWCS analysis in Appendix £ is not affected by modifications to be made
in other sections of this report.
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2.0 APPLICABILITY/SCOPE

A new filtration and ion exchange system for processing RCS water will be
added to aid defueling operations. This system is termed the "Defueling
Water Cleanup System® (DWCS). Two modes of DWCS operation may be used in
defueling. The first mode utilizes only dedicated DWCS components for
filtration and ion exchange; the second mode uses dedicated DWCS
components for filtration and the SOS System for ion exchange. This 2
revision considers the potential for RCS boron dilution that is
assocliated with DWCS operation as well as the dilution potential
associated with other plant conditions.

The main body of this report covers plant operations during static
conditions while in the level contro! mode as described by TMI-2
Operating Procedure OP 2104-10.2. Additional plant maneuvers/conditions
are covered in the appendices, as indicated below.

RCS Feed and Bleed (0P 2104-10.2 Section 4.2) Appendix A
LIF FA1) (OP 2104-10.2 Section 4.3.2) Appendix B
Refueling Canal F111 (0P 4210 Ops 3254.01) Appendix C
IIF Processing (OP 2104-8.18) Appendix D
OWCS Processing Appendix E | 2
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3.0 SUMMARY OF RESULTS
References 16 and 17 indicate that the minimum acceptable boron
concentration until the start of core alteraticns is 3500 ppm. Reference
13 indicates that a concentration of 4350 ppm will assure subcriticality
in the presence of intentional fuel disturbances. The probability of
occurrence of a dilution event is a function of the ability to isolate
the RCS and not of the acceptable boron concentration. The probability
of a large dilution rate event occurring during static conditions was
found to be very small (~3 x 10" per year); the probability of a
small rate dilution was somewhat larger (~5 x 10’3 per year). The
probability of a dilution occurring during particular plant maneuvers
varies because the number of potential dilution paths varies; the
probability of a dilution occurring during each maneuver is presented in
the appropriate appendix. If a dilution event were to occur, the
probability of terminating it before it becomes a safety concern is a
function of the minimum acceptable boron concentration. However, because
there is significant margin between either minimum acceptable boron
concentration and the actual RCS concentration of 5050 (+ 100 ppm), an
appropriate detection/mitigation program can be developed for either
minimum concentration. Considering the detection/mitigation capabilities
along with the occurrence probability, the probability of an inadvertent
dilution causing a criticality was found to be negligible (about lO"
per year) for planned operations until the start of defueling.

Isolation boundaries for the RCS during static conditions and various
plant maneuvers have been recommended. The isolation boundaries in this
report generally reflect the input of the Safety Review Group and Site
Operations and are incorporated into appropriate plant procedures.
Sampling and inventory monitoring frequencies have also been
recommended. These recommendations were incorporated into SER
commitments or are already consistent with plant practice (N.B. After
start of IIF processing, LANS committed to a more frequent sampling
frequency than that recommended in this report in order to reduce
uncertainties about mixing of the potential diluent.)

Detailed conclusions and recommendations are presented in Sections 5.0
and 6.0, respectively,
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4.0 ANALYSIS

4.1 Introduction

Boron dilution of the reactor coolant system is a concern at TMI-2
becghsc of its potential to cause a criticality with possible
personnel and public safety iuplications.l Thus, RAS has

performed a plant specific analysis of the boron dilution potential
at TMI-2. Section 4.2 provides a summary of the analysis

approach. Section 4.3 summarizes the assumptions used and the
lTimitations of the analysis. Sectiun 4.4 provides the details of
the calculation.

]

To gain a perspective on the significance of this fssue, a summary of
industry experience 1s helpful. Based on actual industry experience, the
probability of an unplanned boron dilution of a PWR during maintenance
and refueling has been estimated as 0.09 per reactor-year (Reference 1).
The NRC estimates the probability gf an inadvertent criticality due to a
boron dilution event to be 2 x 1073 to 2 x 1074 per year depending on

the neutron monitoring in use at a plant (Reference 2). Of additiona)
interest at TMI-2 is the probability of an unpianned dilution of a
borated tank, which has been estimated, based on industry experience to
be about 0.1 per year (Reference 1). Equipment failures were the cause
of 20% of the RCS boron dilution events; B0% were the result of personnel
error. Interestingly, 81% of the boron dilution events were "other than
those postulated in the design analyses in the PWR FSARs ..."*

(Reference 1).
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4.2

Analysis Approach

The boron dilution analysis can be summarized by the following

 tasks: .

(I). Identify the potential points of water injection to the RCS.

These points were identified by review of current P&IDs and
knowledge of temporary connections. Dilution through any
part of the RCS was considered, e.g. core flood tanks,
pressurizer, RC pump seals and vessel nozzles. The secondary
side of the steam generators was also considered a potential
RCS injection point. Details of this task are provided in
Section 4.4.1.

(II) Track each potential RCS injection point to potentia)l
dilution sources.

Each injection point identified in Task I was tracked to
determine potential boron dilution sources for that point.
The potential boron dilution sources found in this manner may
be isolated either by barriers near the sources themselves or
by barriers associated with the RCS injection point. Details
of the task are provided in Section 4.4.2.

(III) Identify isolation barriers for each dilution source.

Isolation barriers were identified for the injection points
fdentified in Task I. (An equivalent isolation barrier could
be used if there are operational problems with the barrier
forming the basis of this analysis.) An additional measure
of protection could be gained by 1solating the dilution
sources as well as the injection points. The deta'is of this
task are presented in Section 4.4.3.

ol e 1055Y RA



(1v)

v)

Determine probability of failure of isolation barrier
configuration.

An analysis was performed to assess the probability of
failure of varfous dilution barriers identified in Task III
due to hardware faults and human error. This analysis is
presented in Section 4.4.4.

Estimate total plant boron dilution potential

The total plant boron dilution potential was estimated
considering the number of injection paths, the reliability of
each isolation barrier, and credit for operator error in
detecting and terminating a boron dilution event. This
analysis 1s presented in Section 4.4.5.

-6 - 1055Y RA



4.3

Assumptions and Limitations

Recent analyses have indicated that an RCS boron
concentration of 4350 ppm should be the basis for some
recovery operations. At other times, 3500 ppm remains the

" minimum acceptable boron concentration. The actual RCS boron

concentration is being maintained at an administrative limit
of 5050 ppm (+ 100 ppm); recent monthly average boron
concentrations have been over 5100 ppm. Thus, it was assumed
that the initial boron concentration for a postulated
dilution event is 5050 ppm and that terminating a dilution
event prior to reaching 3500 or 4350 ppm, as appropriate,
assures that there is not a safety impact from the event.

The analysis was performed for RCS operatior in both static
conditions during the level control mode and for various
plant manuevers. Potential dilution through an open vessel
head was judged to have a negligible probability for the
scope of this analysis because of (1) the low probability of
an in-containment fire coupled with personnel error that
would direct flow over the RCS, (11, the low probability of
inadvertent containment spray actuation and, (111) the
presence of the IIF work platform which would inhibit a
dilution event through the vessel head.

The analysis does not take into account water that may be
stored in piping. However, the approach used in the analysis
whereby isolation 1s generally achieved "close® to the RCS
minimizes this potential concern.
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To calculate dilution times, Rev. 0 assumed that a potential
dilution flow would mix uniformly with the borated volume in
the reactor vessel; no credit was taken for water in the RCS
loops. Since then, the mixing characteristics of a potential
dilution inflow have been analyzed in more detail (References
11 and 12). These analyses indicate that the dilution inflow
is likely to float to the upper plenum and IIF regions
through the cold fit-up gap rather than proceeding down the
CSA annulus and through the core. This effect is due to the
density difference between the lighter dilution inflow and
the borated water in the vessel. These analyses indicate
that the core region is 1ikely to be the last area of the
vessel to see a dilution flow; thus, the uniform mixing

assumption represen.s 2 bounding condition.

To assure compliance with SER commitments, double barrier
isolation of all dilution paths with appropriate
administrative control must be demonstrated. In fact, many
more closed valves, pulled spoolpieces, elevation
differences, etc., may be in place which prohibits dilution
through a particular path. In some of these cases, neither
verification of barrier position nor administrative control
could be assured and no credit was given to these barriers.
Thus, the analysis may be somewhat conservative for many
potential dilution paths.

The quantification performed in this analysis was based on
point estimates of hardware failure and human error
probabilities; i.e. error bands were not propagated through
the calculation. This approach has been used in other
analyses (e.g. Reactor Safety Study Methodology Applications
Program) for drawing conclusions about relative and dominant
risks.
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4.4 Calculation

In this section, the details of the boron dilution analysis are

provided. They include identification of RCS injection points,
fdentification of potential dilution sources of the RCS, estimates of the
failure prbbability of individual isolation barriers, and an estimate of
the total plant boron dilution probability.

4.4.) Potential RCS Dilution Points

Points of potential dilution of the RCS were identified based
on a review of P&ID's. At this stage, dilution through any
part of the RCS was considered, e.g., core flood tanks,
pressurizer, RC pump seals and vessel nozzles. The points of
potential dilution of the RCS primary side are listed in
Table 4.4-1 and shown schematically as Figure 4.1.

The secondary side of the steam generators was also
considered a point of potential RCS dilution. Although the
steam generator tubes provide a boundary from the primary
system, they were not credited as a dilution barrier because
their integrity above elevation 313' has not been
demonstrated for several years. Instead, the approach used
in this analysis was to prevent the addition of unborated
water to the steam generator itself. Isolation of the steam
generator s i11lustrated in Figure 4.2. We have concluded
that the number of barriers isolating the generators and
their small exposure to operator error result in a negligible
contribution to the probability of RCS dilution from the
steam generator secondary side. Additiona)l details of the
steam generator analysis are provided in RAS Calculation
4430-84-007.
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Dilution through the top of the open vessel was not

explicitly analyzed because the probabi’ity of such an event
was judged to be exceedingly small. This judgment was based
on the following considerations: (1) the vesse) will only be

~ open for a short interval between removal of the head and

4.4.2

installation of the IIF work platform, (11) dilution with
fire fighting equipment requires the occurrence of a fire and
misoperation of the equipment and (111) dilution via the
building sprays requires multiple component failures or human
errors.

Potential Dilution Sources

After the potential RCS dilution points were identified,
flowpaths to these points were tracked back through the plant
until a potential dilution source was reached. These sources
consist of tanks, coolers, demineralizers, evaporators,
heaters, closed cooling water systems and the fuel pool,
f.e., any collection of water that could be a potential
source of boron dilution. These dilution sources are shown
in Table 4.4-2. No consideration was made of the fact that
some sources may only be filled to a partial capacity or may
have water borated to some level below the minimum acceptable
boron concentration; it is assumed that they could be full of
unborated water or other liquid at some time. (An exception
is the BWST which was judged not credible to dilute because
of the amount of water that would have to be added without
detection.) When tracing potential paths from a dilution
source, flow was considered possible through either direction
of a pipe. Credit was not given to complete prevention of
flow by a check valve because small dilution flows may not be
adequate to assure seating of the valve; however, a check
valve was credited as preventing full backflow through a
pipe. Paths leading to drains, atmospheric vents, loca)l
sampling points, hose nozzles and sumps were assumed not to
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be potential dilution paths to the RCS and were not tracked
further. The tracking of the flow paths to the dilution
sources is presented in RAS Calculation 4430-84-07.

One method of reducing the RCS boron dilution probability is
to isolate the sources shown in Table 4.4-2. However, since
most sources could communicate with several RCS injection
points, isolation of a single source could require more than
a dozen isolation barriers. Therefore, because fewer
barriers were required, solation was generally recommended
at an RCS injection point. Isolation in this manner has the
effect of isolating all RCS dilution sources, regardless of
their volume and minimizes concern about unborated water in
piping. (As noted in Section 4.4.5.2 isolation of several
sources which have the volume to dilute the RCS and are at
sufficient elevation to gravity feed into the vessel would be
an added preventative measure.)
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TABLE 4.4

POTENTIAL DILUTION POINTS TO RCS PRIMARY

T NT ELEVATION ASSOCTATED VALVE
ASME Code Relief valve 355 RC-R1A
ASME Code Relief valve 355 RC-R1B
EMOY with PORY 355 RC-¥2
Pressurizer Spray Line 353 RC-v3
Pressurizer Drain Line 3o RC-Y10%
Pressurizer Vent Line 355 RC-¥114
Pressurizer Sampling Line 310 RC-¥117
Pressurizer Sampling Line 310 RC-V122
Pressurizer Drain Line 353 RC-V142
LPI Pressurizer Spray Line 353 RC-v149
Pressurizer Drain Line to RC Drain Tank 356 RC-V155
Steam Generator 1A Primary Drain 301 RC-V104A
Steam Generator 1B Primary Drain kIR RC-V1048
S.G. 1A Ny Primary Blanketing Supply and Vent 365 RC-Y100A
S.G. 18 N Primary Blanketing Supply and Vent 365° RC-V1008
Reactor Coolant Pump Cold Leg Drains 318 RC-V11BA, C & D
Let Down Nozzle (RCP-1A Cold Leg Drain) e RC-v¥121 & RC-V1188B
Reactor Vessel Gasket Leakage Recovery Drain 322 RC-V124
Decay Heat Drop Line e DH-¥1 & VIN
Core Flood & LPI Nozzle A 316’ CF-VI1A & DH-V4A
Core Flood & LPI Nozzle B 318’ CF-ViB & DH-v4B
Core Flood Nozzle A Drain 316’ CF-V121A
Core Flood Nozzle B Drain 316 CF-v1218B
LPI Nozzle B Drain 316! CF-¥119
Core Flood Tank 1A Drain 318’ CF-V102A
Core Flood Tank 1B Drain 318’ CF-v1028
HPI Injection Nozzle e MU-Y16A,B,C.D & VI8
RC Pump Seal Injection Returns 316 MU-V33A,8,C,D
RC Pump Seal Injection Supply 316 MU-Y415A,8,C,D
Decay Heat Line Drain 316’ DH-Y159A & B
Core Flood Tank Vent 342 CF-V3A, 38
Core Flood Tank Bleed Line 336 CF-VY2A, 2B
Core Flood Tank Fi11 Line 338’ CF-v147, V148

Steam Generator Tubes
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TABLE 4.4-2
POTENTIAL DILUTION SOURCES FOR RCS DILUTION POINTS

Centerline Capacity above

Capacity Elevation Alarm
(Gallons) _(Feet) Setpoint
Core Flocding Make-Up Tank (CA-T-8) 560 333'0" NA
Main Condensers (CO-C-1A, 1B) 25,610 ea. 282'1* 7,964
Sodium Hydroxide Storage Tank (DH-T-2) 14,285 331'0" 1,473
Decay Heat Rem. Coolers (DH-C-1A, 1B) 932 ea. 284'6" NA
Demin. Water Storage Tank (DW-T-1) 50,000 313'6" 25,758
Vacuum Degasifier (DwW-T-2) 1,575 318'0" NA
Unit #1 Demin. Water Storage Tank 1,000,000 329'6" NA
Make-Up Tank (MU-T-1) 4,500 312'0" 3,967
Letdown Coolers (MU-C-1A, 1B) 111 ea. 286'3" Ne
RCP Seal Water Coolers (MU-C-2A, 2B) 4] ea. 312'0" NA
Spent Fuel Coolers (SF-C-1A, 1B) 418 ea. 313's" NA
Spent Fuel Demineralizer (SF-K-1) 246 30s°'0* LR
Fuel Transfer and Storage Pools 690,000 327'0" NA
Reactor B1dg. Sump 2,514 279'6" NA
RC Bleed Tanks (WOL-T-1A, 1B, 1C) 82,286 ea. 291'6" NA
Hisc. Waste Holdup Tank (WDL-T-2) 19,518 312'0" NA
RC Drain Tank (WOL-T-3) 1,240 289'0" 1,140
\W&P Demineralizers (MU-K-1A, 1B) 570 ea. 309'0" NA
Condensate Store. Tanks (CO-T-1A, 18B) 250,000 ea. 321'6" 98,485
G.and Steam Condenser (GS-C-1) 244 307'0" LR
Fevdwater Drain Coolers (FW-C-1A, 1B) 2,163 ea. 294'6" NA
Fee'water Heaters (FW-J-5A, 5B) 7,932 ea. 336'0" L L)
Feedvater Heaters (FwW-J-6A, 6B) 13,965 ea. an'o* NA
Int. L°W Coolers (IC-C-1A, 1B) 645 ea. 313'0" NA
Nuc. Service CCW Coolers (NS-C-1A, 1B) 1,949 ea. 313'0" NA
Ammonium Hydroxide Feed Tank (AM-T-1) 150 283'0" 106
Hydrazine Feed Tank (AM-T-2) 150 283'0" 106
Ammonium Hydroxide Mix Tank (AM-T-7) 60 283'6" LT
Boric Acid Mix Tank (CA-T-1) 7,590 338'0" 6,415
Lithium Hyd-oxide Mix Tank (CA-T-3) 50 335'0" LT
Sod. Thio. & Cause. Mix Tank (CA-T-5) 200 334'0" NA
Suiphuric Acid Mix Tank (CA-T-9) 200 336'0" NA
Off-Spec. Water Rec. Bat. Tank (CC-T-1) 85,978 324'6" 80,020
Regeneration Tank (CO-T-2) 1,866 289'6" NA
Mixing & Storage Tank (CO-T-3) 1,9 289'6" Na
Hot Water Tank (CO-T-4) 936 288'0" (1)
Reactor Coolant Evaporator (WOL-Z-1) 3,54 291'6" NA
Debor. Demineralizers (WOL-K-1A, 1B) 1,517 ea. n2'o" N/
Clean-up Demineralizers (WOL-X-2A, 2B) 253 ea. 286'0" NA
Evap. Cond. Demin. (WOL-K-3A, 3B) 248 ea. 286'0" NA
Aux. Bldg. Sump Tank (WOL-T-5) 3,155 286'0" LT
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TABLE 4.4-2

TENTIA TION R FOR R ILUTION
Capacity
(Gallons)
Neutralizer Tanks (WDL-T-8A, 8B) 9,646 ea.
Evap. Cond. Tanks (WOL-T-9A, 9B) 11,860 ea.
Spent Resin Store. Tanks (WDS-T-1A, 18B) 3,861 ea.
Concentrated Waste Tank (WDS-T-2) 9,646
Reclaimed Boric Acid Tank (WDS-T-3) 9,646
Clarif. Coagulator Floc Tank (WT-T-1) 350
Clearwell Tank (WT-T-2) 50,000
Caustic Feed Tank (WT-T-6) 340
Sodium Sulphite Store. Tank (WT-T-11) 50
Mixed Bed Demineralizers (WT-K-3A, 3B) 1,249 ea.
Clean Water Receiving Tank (CC-T-2) 133,689
SOS Monitor Tanks (SDS-T-1A, 18) 12,000 ea.
Processed Water Store. Tanks (PW-T-1,2) 500,000 ea.

Mech. Draft Cooling Tower (CW-C-2)

NTS (Continued)

Centerline Capacity above

Elevation

(Feet)

291'0"
291'6"
288'6"
334'9"
291'0"
3no"
289'0"
309'0"
309'0"
284'0"
322'6"
322'0"
322'0"

Alarm

]
Setpoint

NA

NA

NA
8,224
8,224
NA

NA

NA

bA

NA
130,137
10,530
NA

NA

1 Represents the maximum volume of liquid that could be removed from
*NA" means that no

dilution source before a level alarm is activated.
alarm 1s in use.
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4.4.3

Isolation Barriers

Preventing flow through al) of the RCS injection point:
ir Table 4.4-1 wil] prevent dilution of the RCS through
piping interfaces during static conditions. To prevent
potential inflow, the TMI-2 Safety Evaluation Reports
(SERs) have committed to a double barrier configurationr
consisting of a combination of removed spoolpieces,
closed valves, heat exchanger tubes or pumps (with
elevation or head difference). Thus, a first prioricy of
this analysis was to ensure that the SER commitment was
met. Where possible, we employed the additional
constraint that the barriers be *independent® which, from
a relfability viewpoint, minimizes concern about common
mode failures due either to physical effects or operator
error (Reference 9).

In the level control mode, with no water processing
(static conditions), 1t was found that there are 404
paths that require closure to isolate al) of the RCS
injection points. The isolation of the 404 RCS injection
paths s achieved with a total of 125 components which
are identified in Table 4.4-3. Table 4.4-3 represents a
set of components which have been agreed to by RAS, SRG
and Site Operations and have been placed on a 24 hour
checklist for isolation of the RCS during static
conditions. This checklist is Appendix C to Operating
Procedure 2104-10.2. (Also included in Appendix C to
2104.10.2 are valves recommended in Appendices A and B
which isolate during IIF £11) and feed/bleed.)

In Table 4.4-4, the suggested isolation barriers are
grouped according to the functional area of the RCS with
which they are associated. This grouping 11lustrates the
double barrier isolation achieved for each potential
dilution path.
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Table 4.4-3

Isolation Barriers to be Placed on 24-hour Checklist
Quring Static Conditions

BS-V3A CF-v146 IC-v3 MU-Vi44C SN5-v23 WOL-V¥523

85-V3B * DH-V3 IC-va MU-Y169 SNS-V50 WOL-V543A
BS-V134 DH-V4A IC-v§ NU-V224A SNS-V53 WOL-V5438
BS-V13S9A DH-V4B MU-V8 MU-v2248 SNS-V128 WOL-V994

B85-v1398 DH-V5A MU-V10 MU-Y226 SNS-V140 WOL-V996

CA-v104 DH-V58 MU-Y12 MU-v289 SNS-V150 WOL-V1091
CA-V107 DH-VTA MU-Y13 MU-V294 SNS-V158 WOL-V1092
CA-vVIN DH-V7B MU-V16A MU-V319 WOG-V2 WOL-V1125
CA-v112 DH-Y100A MU-V16B MU-V3T76 WOG-V199 WOL-V1152
CA-V136 OH-Y1008 MU-V16C MU-V378 WOL-V22 WOL-VIIT1
CA-v138 DH-V109 MU-V16D MU-V439 WOL-v288

CA-V140 DH-V120 MU-V18 NM-V52 WOL-Y298

CA-Y173 DH-V128A MU-V25 NM-V104 WOL-Y37

CA-V175 DH-V1288 MU-v27 RC-¥117 WOL-V59

CF-V1A DH-V134A MU-V28 RC-v122 WOL-V65A

CF-viB DH-V1348 MU-V36 RC-v123 WOL-VB1A

CF-V3A DH-V187 MU-Y37 SF-v122 WOL-VB1B

CF-v3iB OW-VI01A MU-VI07A SF-¥133 WOL-V118A

CF-v107 OW-v1018 MU-Y1078 SF-v186 WOL-V1188

CF-Y¥114A OW-v195 NU-Y127 SF-v214 WOL-V153A

CF-v1148 OW-v227 MU-Y133 SF-¥211 WOL-V521A

CF-v115 Ow-v228 MU-V144A SN-V182 WOL-V5218

CF-v145 DwW-V465 MU-V1448 SNS-Y20 WOL-V521C

- i -

1055Y RA



Table 4.4-4

Double Barrier Isolation Configurations for Potential Dilution Paths

l-"_ol.lLE.i-

A.

(The barrier combinations in this table are composed of various

HPI:

combinations of the valves listed in Table 4.4-3)

NN N N N N N e el ol el ad ol ol ot et et
B W N - O WD N e WN -D

O 0 N O Ve W N -

MU-Y16A
MU-V16A
MU-Y16A
MU-V16A
MU-V16A
MU-V16A
MU-V16A
MU-Y16A
MU-Y16A
MU-V16A
MU-Y16A
MU-V16A
MU-Y16A
MU-Y16A
MU-V16A
MU-Y168
MU-V168
MU-V168
MU-V168
MU-Y168
MU-V168
MU-V168
MU-Vi6E
MU-V168
MU-Y168
MU-v168

-= MU-V144A
-~ MU-V1448
-- MU-V144C
-- MU-V289
-~ MU-V133
-- MU-Y127
-- CA-Y107
-- CA-Y112
-~ SN-Y182
-- MU-V8

-- MU-¥10
-- MU-¥219
-=- CF-V145
-- CF-Y146
-- CA-Y175
MU-V144A
MU-V1448
MU-V144C
-- MU-v289
-- MU-Y133
-- MU-Y127
-- CA-Y107
-- CA-Y112
-~ SN-Y182
-- MU-V8

-- MU-Y10
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I. NOZZLES (continued)

27. MU-V16B -- MU-¥319
28. MU-V16B -- CF-V145
29. MU-V16B -- CF-V146
30. MU-V16B -- CA-¥175
31, MU-VISC -- MU-V144A
32. MU-VI6C -- MU-V1448
33. MU-VI6C -- MU-V144C
34. MU-VI6C -- MU-V289
35. MU-Y16C -- MU-V133
36. MU-VI6C -- MU-VI27
37. MU-V16C -- CA-V107
38. MU-VI6C -- CA-¥112
39. MU-VI6C -- SN-V182
40. MU-VI6C -- MU-VB
41. MU-Y16C -- MU-Y10
42. MU-V16C -- MU-V319
43. MU-V16C -- CF-Vi45
44. MU-VI6C -- CF-V146
45. MU-V16C -- CA-V175
46. MU-V16D -- MU-V144A
47. MU-VI6D -- MU-V144B
48. MU-V16D -- MU-V144C
49. MU-V16D -- MU-V289
50. MU-VI6D -- MU-Y133
51. MU-V16D -- MU-¥127
52. MU-V16D -- CA-Y107
53. MU-V16D -- CA-V112
54. MU-VI6D -- SN-V182
55. MU-V160 -- MU-V8
56. MU-VI6D -- MU-V10
57. MU-V16D -- MU-V319
58. MU-V16D -- CF-V145
59  MU-VI6D -- CF-V146
60. MU-V16D -- CA-V175
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I. NOZZLES (continued)

6.
62.
63.
6a.
65.
66.
67.
68.
69.
70.
n.
12.
13.
74.
75.

MU-V18
MU-V18
MU-V18
MU-v18
MU-v18
MU-V1B8
MU-Y18
MU-Y18
MU-V18
MU-V1B
MU-Y18
MU-v18
MU-v18
MU-viB
MU-vI8

B. LPI and Core Flood:

- ot wd wd wd wd e
o W e W - O
. . . . . . .

.O;.QJOU!‘UN-‘

DH-V4A
DH-Y4A
DH-V4A
DH-V4A
DH-V4A
DH-V4A
DH-YV4A
DH-V4A
DH-V4A
DH-V4A
DH-V4A
DH-V4A
DH-V4A
DH-V4A
OH-V4B
DH-V4B

MU-V144A
MU-V1448
NU-V144C
MU-v289
MU-Y133
MU-v127
CA-v107
CA-¥112
SN-V182
MU-vV8
MU-Y10
MU-V319
CF-v145
CF-v146
CA-V115

DH-Y109

DH-V120

DH-Y128A

DH-V1288

DH-V7A

DH-V78B

SNS-V53

SNS-Y128
SNS-Y140
SNS-V158

DW-v238

DW-V465
MDH-HX-1A (tubes)
MOH-HX-1B (tubes)
DH-V109

DH-V120
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I. NOZZLES (continued)

1.
18.
19.

" 20.
2.
22.
23.
24.
25.
26.
21.
28.

C. Letdown:

- ot ot wd e o ot wd wd
£ O N OV WwWwN ~-D
. - . - . . . . - .

O ® NV e W N -

DH-V4B
DH-V4B
DH-V4B
DH-V4B
DH-V4B
DH-v4B
DH-V48B
DH-V4B
DH-V4B
DH-V4B
DH-V4B
DH-V4B

MU-V376
MU-V376
MU-V376
MU-V376
MU-V376
MU-V376
MU-V376
MU-V376
MU-V376
MU-V376
NU-¥376
MU-Y376
MU-V376
MU-Y376
MU- V376
MU-V376
MU-V376
MU-V376
MU-V376

-= DH-V128A

-~ DH-V1288

-~ DH-YTA

-- DH-Y78

-~ SNS-V53

-- SNS-Y128

-- SNS-V140

-~ SNS-V158

-- DW-v238

-= DW-Y465

-~ MDH-HX-1A (tubes)
-~ MDH-HX-18 (tubes)

-- CA-V136
-- CA-Y140
-- CF-V107
-~ MU-R3

-~ MU-V8

-- MU-V10
-= MU-YI07A
-~ MU-V1078
-= MU-V169
-~ MU-V224A
-- MU-V2248
-- MU-V226
-- MU-V294
MU-V319
SF-v214
-~ WOL-Y288
-- WDL-Y298
-~ WOL-¥37
-~ WOL-V59
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I. NOZZLES (continued)

20.
21.
22.
' 2.
2.
25.
26.
21.
28.
29.
30.
3.
32.
3.
.
35.
3.
3.
38.
39.
40.
..
..
Q.
a.
a5,

Decay Heat

VA W N -

MU-V376 -- WDL-V65A
MU-¥376 -- WOL-VB1A
MU-Y376 -- WOL-VB1B
MU-V376 -- WOL-V118A
MU-V376 -- WOL-V118B
MU-V376 -- WDL-VI53A
MU-V376 -- WDL-V521A
MU-V376 -- WDL-V5218
MU-¥376 -- WDL-VY521C
MU-V376 -- WOL-Y523
MU-V376 -~ WDL-V543A
MU-V376 -~ WDL-V543B
MU-V376 -- WOL-V994
MU-Y376 -- WOL-V996
MU-V376 -- WOL-V1091
MU-V376 -- WDL-V1092
MU-Y376 -~ WOL-V1125
MU-V376 -- WOL-V1152
MU-V376 -~ WOL-VIIT
MU-V376 -- WOL-T-1B
MU-C-TA (tubes) -- IC-v3
MU-C-1A (tubes) -- IC-v4
MU-C-TA (tubes) -- IC-VS
MU-C-18 (tubes) -- IC-v3
MU-C-18 (tubes) -- IC-v4
MU-C-1B (tubes) -- IC-VS

Dropline:

DH-¥3 -~ DH-Y100A
DH-¥3 -~ DH-V1008
DH-V3 -~ SNS-V53

DH-V3 -~ SNS-V128
DH-V3 -~ SNS-V140
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I. NOZZLES (continued)

DH-V3 -- SNS-V158

DH-V3 -- MDH-HX-1A (tubes)
DH-V3 —- MDH-HX-18 (tubes)
DH-V3 -- DW-v238

10. DH-V3 -- DW-V465

e O w o
L I . 1

II. CORE F TANK

A. Bleed:
1. CF-YIA -- CF-¥115 -- (CF-V107) (check valve)
2. CF-VIB -- CF-V115 -~ (CF-Y107) (check valve)
B. Fil:
1. CF=VIA -- CF-Y146
2. CF-YIB -~ CF-V145

III. PRESSURIZER SPRAY

A. LPI Supply:

1. DH-VI87 -~ DH-VI128BA
2. DH-V187 -- DH-V1288

IV. REACTOR COOLANT PUMP SEAL WATER

A. Injection (via MU-V330, 378, and 439)':

1. MU-V3T8 -~ MU-V144A
2. MWU-V378 -- MU-V1448

Barrier combinations 31 through 219 provide double barrier isolation of
potential injection paths through MU-V330. The same barriers also
result in triple barrier isolation of MU-V378 and MU-V439. Further,
these barriers act as an additiona) barrier for paths through MU-Y16's.
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REACTOR

@ D w o eaw

10.

12.
13.
4.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.

=823

32.
33.
34.
35.
36.

ANT PUMP

MU-v378
MU-V378
MU-V378
MU-vV378
MU-v378
MU-V378
MU-vV378
MU-v378
MU-V378
MNU-V378
MU-v378
MU-V378
MU-Y378
MU-V439
MU-V439
NU-V439
MU-V439
MU-V439
MU-V439
MU-V439
MU-V439
MU-V439
MU-V439
MU-V439
MU-V439
MNU-V439
MU-V439
MU-V439
MU-V144A
MU-V144A
NU-V144A
MU-V144A
NU-V144A
MU-Y144A

ATCR (continued)

-- MU-V144C
-- MU-Y289
-~ MU-V¥133
-- MU-v127
-~ CA-V107
-- CA-¥112
-~ SN-V182
-- MU-V8

-- MU-Y10
-- MU-¥319
-- CF-V145
-~ CF-Y146
-- CA-V175
-= MU-V144A
-- MU-V1448
-~ MU-V144C
-~ MU-v289
-- MU-¥133
-- WU-V127
-= CA-Y107
-- CA-¥112
-- SN-V182
-~ MU-v8

-- MU-Y10
-- WU-V319
-=- CF-V145
-- CF-V146
CA-Y175
-= DH-V5A
-~ DH-V58
-= DH-VIA
DH-V7B
-= DH-V128A
DH-V1288
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IV. REACTOR COOLANT PUMP SEAL WATER {continued)

37.
38.
. 39,
- 40,
4.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
S«.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

MU-V144A
MU-V144A
MU-Y144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V144A
MU-V1448
MU-V1448
MU-V1448
MU-V1448
MU-V1448
MU-V1448
MU-V1448
MU-Y1448
MU-Y1448
MU-V1448
MU-V1448
MU-V1448
MU-V1448
MU-V1448

DH-C-1A (tubes)
DH-C-1B (tubes)
DH-V109
DH-Y134A
DH-V1348
SF-v122
SF-v133
SF-v186
SF-v214

SF-v217
SF-C-1A (tubes)
SF-C-1B (tubes)
SF-k-12

BS-V3A

B8S-v38

MU-¥12

MU-V36

DH-V120
CA-V175

DW-V195

DH-V5A

DH-V58

DH-V7A

DH-V78B

DH-V109
DH-V120
DH-V128A
DH-V1288
DH-Y134A
DH-V1348
DH-C-1A (tubes)
DH-C-1B (tubes)
BS-V3A

BS-V38

Represents components in vent header system which must fail to allow
flow, (e.g., check valves) but cannot be placed on a daily checklist.
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IV. REACTOR COOLANT PUMP SEAL WATER (continued)

n.
1.
73.

s,
15.
76.
7.
78.
19.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
9.
95.
96.
97.
98.
99.

100.
101,
102.
103.

i

MU-V1448
MU-V1448
MU-Vi44B
MU-V1448
MU-V1448
MU-V1448
MU-Y1448
MU-V1448
MU-Y1448
MU-V1448
MU-V144B
MU-V1448
MU-V144C
NU-¥144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
NU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C

CA-V115
DW-v195
SF-v122
SF-V133
SF-v186
SF-v214
SF-v217
SF-C-1A (tubes)
SF-C-18 (tubes)
MU-V12
MU-Y36
SF-K-1
DH-V5A
DH-V58
DH-VTA
DH-V78B
DH-V10%
DH-V120
DH-V128A
DH-V1288
DH-V134A
DH-V1348
DH-C-1A (tubes)
DH-C-1B (tubes)
BS-V3A

85-v3B

CA-V175
DW-Y195
SF-v122
SF-v133
SF-v186
SF-v214
SF-y2117

2

Represents components in vent header system which must fall to allow
flow, (e.g., check valves) but cannot be placed on a daily checklist.
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IV. REACTOR COOLANT PUMP SEAL WATER (continued)

104.
105.
106.
107.
108.
109.
no.
m.
ne.
n3.
Na.
ns.
6.
n.
118.
n9.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131,
132.
133.
134,

MU-V144C
MU-V144C
MU-V144C
MU-V144C
MU-V144C
NU-V8 -~
NU-V8 -~
NU-V8 -
MU-V8 --
MU-V8 --
NU-V8 --
NU-VB -
WU-V8 --
MU-V8 -
NU-V8 -~
NU-V8 -
NU-VB -
NU-VE -~
NU-VB --
NU-VY -
WU-V8 --
NU-V8 --
NU-V8 --
MU-VB --
NU-V8 -~
CTRT
NU-V8 --
NU-V8 -
NU-V8 —-
NU-VE -~
NU-VE -~

== SF-C-1A (tubes)
-~ SF-C-18 (tubes)
- SFg-1?
-= MU-V12
-= MU-V36
CA-V136
CA-V140
CF-V107
MU-Y10
MU-YI07A
MU-Y1078
MU-V169
MU-V224A
MU-V2248
MU-V226
MU-V294
MU-V319
SF-v214
WCL-V288
WOL-V298
WoL-V37
WOL-V59
WOL-V65A
WOL-VBIA
WOL-VB18B
WOL-V118A
WOL-V1188
WOL-V153A
WOL-V521A
WOL-V5218
WOL-VS521C

Represents components in vent header system which must fall to allow
flow, (e.g., check valves) but cannot be placed on a daily checklist.
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IV. REACTOR COOLANT PUMP SEAL WATER (continued)

135. MU-V8 -- WDL-V523
136. MU-VB —- WOL-V543A
137. MU-V8 -~ WOL-V5438
138. MU-VE — WOL-V994
139. MU-VE -- WOL-V996
740. MU-V8 -- WOL-V1091
141, MU-VE -~ WOL-V1092
142. WU-V8 - WOL-V1125
143, MU-V8 - WOL-V1152
144, MU-VE -- WOL-V117}
145. WU-VE - WOL-T-18°
146. MU-V289 -- MU-C-2A (tubes)
147, MU-V289 -- MU-C-2B (tubes)
148. WU-V289 -- DW-V227
149, WU-V133 -- NU-VI3
150. MU-V133 -~ MU-V27
151, WU-V133 -- NU-V28
152, MU-V123 -- MU-V169
153, MU-V133 - MU-T-1°
156. WU-V127 - CA-V138
155. CA-VI0? -- CA-V104
156. CA-V107 == CA-VI1)
157, CA-V112 -- CA-V104
158. CA-V112 == CA-V111
159. MU-VI0 -- CA-V136
160. MU-V10 -- CA-V140
161, WU-VI0 - CF-¥107
162. WU-VI0 - MU-V169
163. WU-VI0 -- NU-V294
164, WU-VI0 — SF-¥214
165. MU-Y10 -- WOL-V288
166. MU-V10 -- WOL V298
167, WU-VI0 —- WOL-¥37
168. MU-V10 - WOL-V59

Represents components in vent header system which must fail to allow
flow, (e.9., check valves) but cannot be placed on a daily checklist,
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IV. REACTOR COOLANT PUMP SEAL WATER (continued)

169.
170.
m.
172,
173.
174,
175.
176.
177,
178.
179.
180.
181.
182.
183.
184,
185.
186.
187.

188

189.
190.
191,
192.
193.
194,
195.
196.
197.
198.
199.

200,
202.

MU-Y10
MU-YV10
MU-V10
MU-V10
MU-V10
MU-V10
NU-¥Y10
MU-V10
MNU-V10
NU-V10
NU-V10
MU-V10
NU-V10
MU-V10
NU-V10
MU-V10
MU-YV10
MU-V10
NU-Y10
MU-V319
MU-V319
MU-V319
NU-V319
MU-Y319
MU-v319
NU-V319
MU-v319
MU-V319
MU-V319
NU-V319
MU-V319
NU-¥319
NU-V319
NU-V319

-= WOL-V65A
-~ WOL-VBIA
-~ WOL-VB18
== WOL-V118A
-~ WOL-V1188
-= WOL-V153A
== WOL-V521A
-~ WOL-Y5218
-= WOL-V521C
-~ WDL-Y523
-~ WOL-V543A
-- WOL-V5438
-= WOL-V994
-= WOL-Y996
-= WOL-Y1091
-= WOL-V1092
-~ WOL-¥1125
-~ WOL-V1152
== WOL-VII T
-= CA-V136
CA-Y140
CF-v107
-~ MU-V169
-~ MU-V294
SF-v¥214
-= WOL-V288
-~ WOL-V298
== WOL-V3?
-~ WOL-V59
== WOL-V65A
~~ WOL-VBIA
-~ WOL-v818
~= WOL-V118A
~= WOL-V1188
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IV. REACTOR COOLANT PUMP SEAL WATER (continued)

203. MU-V319 -- WOL-V153A
204. MU-V319 —- WOL-V521A
205. MU-V319 -- WOL-V5218
206. MU-V319 -- WDL-V521C
1207, MU-V319 -- WDL-V523

208. MU-V319 -- WDL-V543A
209. MU-V319 -- WOL-VS438
210. MU-V319 -- WOL-V994

211. MU-V319 -- WOL-V996

212, WU-V319 -- WOL-V1091
213, WU-V319 -- WDL-V1092
214. MU-V319 -- WDL-V1125
215. MU-V319 -- WDL-V1152
216. MU-V319 -- WOL-V117)
217. CF-V145 -- CF-V114A

218. CF-V146 -- CF-V1148
219. CA-V175 -- CA-V173

B. Discharge:
1. MU-V25 -~ MU-V289
2. MU-V25 -~ MU-V3?
3. NU-V25 -- DW-V227
4. WU-V25 -~ MU-C-2A (tubes)
5. MU-V25 -~ MU-C-2B (tubes)

v. PR N ANKET

A. Steam Generators and Pressurizer:

V1. NM-VI04 -~ NM-V52 -~ (elevation difference)
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B. Core Flood Tanks:

1. CF-V114A -~ NM-V104 -~ (NM-V52)
2. CF-V114B -~ NM-Y104 -~ (NM-V52)

VI. SAMPLING LINES

A. Pressurizer:

1. RC-V117 -~ SNS-V20 -- (SNS-¥23)
2. RC-V117 -~ SNS-V50 -- (SNS-VY150)
3. RC-V122 -~ SNS-V29 -- (SNS-V23)
4. RC-V122 -- SNS-V50 -- (SNS-V150)

B. Letdown:

1. RC-V123 -~ SNS-V20 -- (SNS-V23)
2. RC-V123 -~ SNS-V50 -- (SNS-V150)

VII. VENTS

A. Steam Generators and Pressurizer:

1. WDG-V2 -~ WDG-V199 -~ (elevation difference)

B. Core Flood Tanks:

1. CF-YIA -= CF-V3A -~ (WDG-V2)
2. CF-VI1B -~ CF-V3B -~ (WDG-V2)

VIII. DRAINS

A. RCS Drain Lines:

1. WOL-V22 -~ WDG-V1125
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IX. DEMINERALIZED WATER

A. Building Spray System:

OW-V101A —- BS-V139A -- (BS-V3A)
OW-Y1018 -- BS-V1398 -- (BS-V3B)
DW-V4A -~ BS-V134
OW-V4B -- BS-V134

_ W N -
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4.4.4 Failure Probability per Pathway
Because of the possibility thzt some pathways may have
additional barriers in place at various times, or that
could not be accounted for, it was assumed that the boron
dilution probability for a pathway is equivalent to the
failure probability of the identified isolation barrier
configuration for that pathway. This probability is a
function of hardware faults and human error. Hardware
faults are the easier of the two to estimate:
TABLE 4.4-5
HARDWARE FAILURE PROBABILITIES FOR VARIOUS TYPES OF DILUTION BARRIERS
HARDWARE
BARRIER FAILURE PROBABILITY SOURCE OF ESTIMATE
Removed Spoolpiece: Negligible RAS
Closed MOV; AOV:!
Leak 6.2 x 10-3/yr NPRD A02/A03
Rupture 8.8 x 10~5/yr WASH-1400, Table III 2-1
Circuit Short to Power 8.8 x 10~5/yr WASH-1400, Table III 4.2
Closed Manual valve:
Leak 6.3 x 10-3/yr NPRD A02/A03
Rupture 8.8 x 10~ 5/yr WASH-1400, Table III 4.2
Pump: 2
Circuit Short to Power 8.8 x 10-5/yr WASH-1400, Table III 4.2
Heat Exchanger; Coolers:
Leak 2.1 x 102/yr NPRD AD2/A03

1 MOV - Motor Operated Valve; AOV - Air Operated Valve
2 Pump required because of elevation/pressure differential; a pump is not
considered a barrier if gravity feed 1s possible.
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Human error is the more difficult to assess. The assessment is complicated
because of the variety of "performance shaping factors® that exist over the
range of conditions that must be encompassed by this analysis. For example,
some valves which are used as isolation barriers may be similar in appearance,
location, position, etc., to other valves which are manipulated for various
recovery oporations; thus the potential for operator error in these cases is
higher than for isolation valves which are in remote locations and could not
Togically be associated with recovery operations. A detailed analysis is not
feasible for each particular isolation barrier. Rather a generic analysis was
performed for each type of barrier using characteristics that apply to all
barriers of that type. Thus, in many cases the results may be conservative
for a particular barrier.

The human error of concern s that plant personnel will accidentally defeat an
fsolation barrier. Three categories of error can be postulated to defeat an
fsolation barrier.

Type J: Operator erroneously selects an isolation barrier when he
intends to interact with another component.

Type II: Operator fails to completely or correctly implement procedure.
Type III: Errors in the preparation of plant procedures.

Other possible errors exist when an operator interacts with a valve but their
probabilities have been judged to be smal) relative to those of the above
categories. One such error is the "reversal® error, 1.e. an operator cycles
the desired valve as directed but closes 1t instead of opening it, or vice
versa. For this to result in an incorrect valve position, two errors would
have to occur. First, the valve would have to be in an incorrect or
unexpected position initially and second, an operator must fail to recognize
that it was already in the position he desired. This error was estimated to
have a negligible probability in NUREG/CR-1278 (Chapter 14). The other
possible error is referred to as *stuck valve®, e.g., the possibility that a
valve may not be fully shut after an attempt to shut it. The detection of
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this type of error 1s a function of the valve type, (e.g., rising stem), or
whether there is position indication. In NUREG/CR-1278, the probability of a
valve sticking in this manner was estimated as 0.001 per demand; failure to
detect this error for a valve with neither a rising stem or position indicator
was estimated (Table 14-2, NUREG/CR-1278) as 0.01/demand. This error would be
more likely to be detected in valves with position indication. Thus, the
probability of this type of error should be no higher than lo'sldenand per
valve which is small in relation to the Type I selection error. At TMI-2,
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