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Review of Recent Events and Regulatory Guidances Concerning Emergency Core
Cooling System Strainer Blockage at Boiling Water Reactors in the U. S. A.

Norio WATANABE
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On July 28, 1992, an event occurred at Barsebaeck Unit 2, a Swedish BWR, which in-
volved clogging of emergency core cooling system (ECCS) strainers resulting from the insula-
tion material dislodged by steam from a safety relief valve that spuriously opened. The issue of
the ECCS strainer clogging was recognized as important to safety in the late 1970°s and poten-
tial for loss of emergency recirculation cooling due to clogging of containment sump screens at
PWRs and suppression pool suction strainers at BWRs was identified as Unresolved Safety
Issue (USD) A-43 in the U.S.A. To obtain the resolution to this USI, a number of experimental
and analytical studies had been performed before Regulatory Guide (RG) 1.82, “Water Sources
for Long-Term Recirculation Cooling Following a Loss-of-Coolant Accident”, was revised in 1985
(Revision 1). At that time, the USI was closed and the issue was resolved with the establish-
ment of new requirements. Since similar events occurred at U. S. BWRs after the Barsebaeck-
2 event, however, the U. S. Nuclear Regulatory Commission (NRC) recognized the safety signifi-
cance of BWR ECCS strainer clogging and issued regulatory guidance documents (Information
Notices and Bulleting) to alert or request addressees to take appropirate actions. In 1996, the
NRC revised RG-1.82 again to alter the evaluation guidance for suction strainer blockage at
BWRs {(Revision 2).

The review of recent events indicates that the strainer blockage would be caused by
debris generated by a LOCA such as insulation debris, that generated during normal plant
operation such as corrosion products, that stemming from fibrous filters and labeling materials
installed in the containment, that stemming from maintenance-type materials such as tools
and plastic bags, etc. In addition to the strainer design changes, therefore, insulation material
modification and thorough cleaning of suppression pool have been requested as preventive or
mitigative actions to be taken.

This report provides brief descriptions for the Barsebaeck-2 event and the subsequent
ones at U. S. BWRs, describes the NRC’s responses to these events sequentially, and summa-
rizes the revised RG-1.82. Also, the contents of the NRC’s guidance documents issued and the
RG-1.82 Revision 2 are given.

Keywords : BWR, Strainer Clogging, NRC, Regulatory Guide, Information Notice, Bulletin,
Regulatory Guidance, Debris
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&% B 2 (U.S. Nuclear Regulatory Commission : NRC) 23 % 1T U 7z 3 % B§ i # il
(Information NoticeE UBulletin) & BEHET ZIRHIIESH (Regulatory Guide 1.82 @ RG-
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0P FEFRE- Y, S5z, NFOHRHNBESHARITIA TS Z L6, NRCA
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USNRC : Partial Plugging of Suppression Pool Strainers at a Foreign BWR,
Information Notice 92-71, September 30, 1992

McGraw-Hill : Nucleonics Week, September 24, 1992

McGraw-Hill : Nucleonics Week, October 1, 1992

McGraw—Hill : Nucleonics Week, January 7, 1993

LER 440/93-011, May 19, 1993.

LER 387/93-007, July 2, 1993.

USNRC : Debris in Containment and the Residual Heat Removal System,
Information Notice 94-57, August 12, 19594

USNRC : Potential Blockage of Safety-Related Strainers by Material Brought
inside Containment, Information Notice 95-06, January 25, 1995

USNRC : Unexpected Opening of a Safety/Relief Valve and Complications
Involving Suppression Pool Cooling Strainer Blockage, Information Notice 95~
47, October 4, 1995.

McGraw-Hill : Inside N.R.C., September 18, 1995.

USNRC : Potential Degradation of Post Loss—0f-Coclant Recirculation
Capability as a Result of Debris, Information Notice 96-59, October 30, 1996.
USNRC : Water Sources for Long-Term Recirculation Ceoling Following a Loss-
of-Coolant Accident, Regulatory Guide 1.82 (Revision 0), June 1974

A W.Serkiz : Containment Emergency Sump Performance - Technical Findings
Related to Unresolved Safety Issue A-43, NUREG-897 (Revision 1), October
1985.

A.W.Serkiz : USI A-43 Regulatory Analysis, NUREG-869 (Revision 1), October
1985.

USNRC : Water Sources for Long—Term Recirculation Cooling Following a Loss—
of-Coolant Accident, Regulatory Guide 1.82 (Revision 1), November 1985.
USNRC : Potential for Loss of Post-LOCA Recirculation Capability Due to
Insulation Debris Blockage, Generic Letter 85-22, December 3, 1985.

USNRC : Potential for Loss of Post-LOCA Recirculation Capability Due to
Insulation Debris Blockage, Information Notice 88-28, May 19, 1988

USNRC : New Information Regarding Insulation Material Performance and
Debris Blockage of PWR Containment Sumps, Information Notice 90-07, January
30, 1988.

USNRC : Potential for Loss of Emergency Cooling Function Due to a

Combination of Operational and Post—-LOCA Debris in Containment, Information
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Notice 93-34, April 26, 1993,

USNRC : Potential for Loss of Emergency Cooling Function Due to a
Combination of Operational and Post-LOCA Debris in Containment, Information
Notice 93-34 (Supplement 1}, May 6, 1993

USNRC : Debris Plugging of Emergency Core Cooling Suction Strainers,
Bulletin 93-02, May 11, 1993

D.N.Brocard : Buoyancy, Transport, and Head Loss of Fibrous Reactor
Insulation, NUREG/CR-2982, July 1983.

USNRC : Debris Plugging of Emergency Core Cooling Suction Strainers,
Bulletin 93-02 (Supplement 1), February 18, 1994.

G.Zigler, et al. : Parametric Study of the Potential for BWR ECCS Strainer
Blockage Due to LOCA—Generated Debris, NUREG/CR-6224, September 1995.

USNRC : Potential Plugging of Emergency Core Cooling Suction Strainers by
Debris in Boiling Water Reactors, Bulletin 95-xx (Draft for Comment), April
26, 1995.

USNRC : Unexpected Clogging of a Residual Heat Removal (RHR) Pump Strainer
While Operating in Suppression Pocl Cooling Mode, Bulletin 95-02, October 17,
1995,

USNRC : Potential Plugging of Emergency Core Cooling Suction Strainers by
Debris in Boiling Water Reactors, Bulletin 96-03, May 6, 1996.

USNRC : Water Sources for Long-Term Recirculation Cooling Following a Loss-
of-Coolant Accident, Regulatory Guide 1.82 {(Revision 2), May 1996.

Nuclear Eﬁgineering International, Vol. 40, No. 493, pp. 34-36, August 1995.

Nuclear Engineering International, Vol. 40, No. 496, pp. 18-20, November
1995.
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BRSO T, UL, Barsebaeck2HFOBEFICESE, IORREBERNTD
Zeklals,

2. Information Notice 93-34% (FSupplement 1
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TABLE A-1
PWR HYDRAULIC DESIGN GUIDELINES FOR ZERO AIR INGESTION

Item Horizontal Outlets Vertical Outlets
Minimum Submergence, s (ft) g 9
(m) 2.7 2.7
Maximum Froude Number, Fr 0.25 0.25
Maximum Pipe Velocity, U (ft/s) 4 4
(m/s) 1.2 1.2

NOTE: These guidelines were established using experimental results from References A-8, A-9, and A-10 and are

based on sumps having a right rectangular shape.

Ty Y ebris Screen
v Minimum Waterll

Plat
Cover Plate Trash Rack
and
D

i

T 4 Levelas i
I Determined ||
During Design
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TABLE A-2

Air ingestion {e) is empirically calculated as

=0+ (o1 x Fr)

where o, and ¢ are coefficients derived from test

results as given in the table below

Horizontal Qutlets Vertical Outlets
Item
Dual Single Dual Single
Coefficient oo -2.47 -4.75 -4.75 -0.14
Coefficient & 9.38 18.04 18.69 35.95
Minimum Submergence, s (ft) 7.5 8.0 7.5 10.0
(m) 23 2.4 23 3.1
Maximum Froude Number, Fr 0.5 0.4 0.4 0.3
Maximum Pipe Velocity, U (ft/s) 7.0 6.5 6.0 55
(m/s} 2.1 2.0 1.8 1.7
Maximum Screen Face Velocity
(blocked and minimum submergence) (ftfs) 3.0 3.0 30 3.0
{mfs} 0.9 0.9 0.9 0.9
Maximum Approach Flow Velocity  (ft/s) 0.36 0.36 0.36 0.36
(m/fs) 0.11 0.11 0.11 0.11
Maximum Sump Qutlet Coefficient, Cu 1.2 1.2 1.2 1.2
Cover Plate Trosh Rack

e

Minimum Water |

Level as
Detarmined
During Design

and
M Debris Screen



JAERI-Review 97-008

TABLE A-3.1

PWR GEOMETRIC DESIGN ENVELOPE GUIDELINES FOR HORIZONTAL SUCTION
OUTLETS

Size Sump OQutlet Position” Screen
Sump
Aspect Min. Perimeter Min, Area
Qutlet
Ratio (o (m) ey/d (B-gy)/d ¢fd b/d f/d ex/d
{5 (m?)
Dual 1to5 36 11 >4 75 7
>1 >3 >1.5 >1 >1.5
Single 1to 5 16 4.9 35 3.3

NOTE: Dimensions are always measured to pipe centerline.

* Preferred location.

Trach Rack

an
‘ L /Dabri, Screeﬂ\!l [
' H
‘k:_._f____ﬁ______ L_I Y 0

|
!
i
Sump Pit l
I
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I

1

e

- B ——————{
n i

ey l , -
2

: -'-] AN
: ] B B - &, ——
o . " . Aspect Ratio = L/B
& 'E' f ‘i“'ex - Minimum Perimeter - 2(L ~ B}
|ae———g-——,

M-
1
I
b
G
|
|
{
|
|
i
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e +
i
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TABLE A-3.2

PWR GEOMETRIC DESIGN ENVELOPE GUIDELINES FOR VERTICAL SUCTION
OUTLETS

Size Sump Outlet Position” Screen
Sump
Aspect | Min. Perimeter Min. Area
Outlet :
Ratio fty (m) eifd | (B-ey/d | c/d b/d fld | edd
(ft) (m?
Dual ftod 36 11 >0 >4 75 7
>1 >1 >1 >1.5
Single 1to5 16 4.9 <1.5 - 35 313
NOTE: Dimensions are always measured to pipe centerline.
* Preferred location.
Trash %ack
/ l!.'labriasﬂs'n:;raen\1| ll
————————————— [

—
et

e " . -~
v l.g % ) vl

..

i c"

:

Aspect Ratio = L/B
Minimum Perimeter = 2iL +B)
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TABLE A-4

ADDITIONAL GUIDELINES RELATED TO SUMP SIZE AND PLACEMENT

The clearance between the trash rack and any wall or obstruction of length ¢ equal to or greater

than the length of the adjacent screen/grate (Bs or Ls) should be at least 4 feet (1 .2 meters).

A solid wall or large obstruction may form the boundary of the sump on one side only, i.e., the

sump must have three sides open to the approach flow.

These additional guidelines should be followed to ensure the validity of the data in Tables A-1, A-
2, A-3.1, and A-3.2.

| ' ] Trash Rack
il Ml e
1| Debris Screen

e pes
[ et el el
j |
T 1{ |1
B, B II; Sump Pit }i i>B,
| M
. . o
i h Ji
(Ll ;::::::::%j:—_-ﬂ

Trash Rack
and
Debris Screen

| |
[ i
[ i
! i |
B, 8 I Sump Pit {i\\
| I
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TABLE A-5
PWR DESIGN GUIDELINES FOR INTERCEPTORS AND COVER PLATE

Screen area should be obtained from Tables A-3.1 and A-3.2.
Minimum height of interceptors should be 2 feet (0.61 meter).
Distance from sump side to screens, gs, may be any reasonable value.
Screen mesh should be % inch (6.4 mm) or finer.

Trash racks should be vertically oriented 1- to 1%4-inch (25- to 38-mm) standard floor grate or
equivalent.

The distance between the debris screens and trash racks should be 6 inches (15.2 cm} or less.

A solid cover plate should be mounted above the sump and should fully cover the trash rack. The
cover plate should be designed to ensure the release of air trapped below the plate (a plate located
below the minimum water level is preferable).

NOTE: See Reference A-1.

Solid Cover Plate

Trash Rack

Debris Screen
%" Mesh
(max}
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TABLE A-6
PWR GUIDELINES FOR SELECTED YORTEX SUPPRESSORS

Cubic arrangement of standard 1%4-inch (30-mm) deep or deeper floor grating (or its equivalent)
with a characteristic length, {5, that is at least 3 pipe diameters and with the top of the cube
submerged at least 6 inches (15.2 cm) below the minimum water level. Noncabic designs with & >
3 pipe diameters for the horizontal upper grate and satisfying the depth and distances to the
minimum water level given for cubic designs are acceptable.

Standard 1%-inch (38-mm}) or deeper floor grating (or its equivalent) located horizontally over the
entire sump and containment floor inside the screens and located below the lip of the sump pit.

NOTE: Tests on these types of vortex suppressors at Alden Research Laboratory have
demonstrated their capability to reduce air ingestion to zero even under the most adverse conditions
simulated.

Design #1: Trash Rack

and
Debris Screen —————— e — . — — — —_

Solid Tep Cover

Standard
Floor Grating

i 4 -
T .
S LS te T T e |
; LN T
Standard
Flogr Grating Trash Rach :

and
Debris Screen

Tiash Rack
and
Debris Screen

Design #2:

T

v Minimum
; Watar Level

T
]

+
1!

.....

Standard .
Floor Grating : -
]

'''''''''
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SUMPS

+ Typas. Quantities, and Location
of Insulation

s Containmant Layout and Break
Locations

= Estimatad Quantity of Debris
Generated

» Location in Plant
Redundancy

* Geometric Parameters

* Interceptors [Racks, Screens).
Cover, etc

PUMPS

+ Pump Design and Oparating
Characteristics

« NPSH Requirements {No Airl

* Sump and Suction Piping - Losses

)

Y

* Short-Term Transport by
Blowdown Jet

* Long-Term Transpart by
Recirculation Velogities

* Hydrauiic Characteristics
. Water Laval Anove Sump Outiet
- Sump Cutlet Velocity
-Air Ingestion
-inlet Losses

» Potential for Interceptor
Biockage

+ Haad Less Acrass Interceplors

¥

* Effects of Air Ingestion on
NPSH Required

* Cavitation Potential
- Inlet Design
- Tarnparature Effects

« Effects ot Particuiate and
Dabris Ingestion

* NPSH Raguired

* NPSH Availeble

s There Adequate NPSH Margin
Under All Fost-LOCA Conditions?

Figure A-1 Technical Considerations Relevant to PWR ECC Sump Performance
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Boundary of a Right
Circular Cylinder
Originating at the
Postulatad Pipe Break

\

REGION | “ REGION If | REGION Iil '
Total High Levels of | Dislodging in I
Destruction Damage Possible, I "“As-Fabricated”
Materials and Pieces or I
! Attachment I Segments
L/D - 3--—"[ Dependent ' I
| I Note:
"_"'""/l ? N fL’D ) [ Pressure Isabars
L Shown Are Calculated
%15 10 | I Target Pressures for
5 Break Conditions of
- | 25 ' 150 Bars and 35°K
Subcooling
2 | |
R/D { :
4 I
. |
| R = Radius of Circular
- | I Flat Plate Target
1 Bar I L - Distance From Break
6 1 L'D 7 \-_‘ ! ' te Target
- \g, I D - Diametar of Broken
Pipe
Pstag 0.5 psi or l
Major Wall Boundary

Figure A-2. Multiple Region Insulation Debris Model for PWRs
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®M4.1 HERX = F RO A SRR (NUREG/CR-6224, Table 4.1)

Table 4-1
Recommended Weld DEGB Frequency Estimates

Pipe Category Per-weld DEGB Frequency (/Rx-yr)
12" Recirculation (30455) . 2E-06!

22 - 28" Recirculation (30455) 2E-07%

Main Steam? 2E-07

Feedwater? 2E-07

HPCI? 2E-07

RHR? 2E-07

Notes:

1 Derived by reducing LLNL data by a factor of 10 to account for in-service inspection.
2. Main steam, feedwater, HPCI, and RHR welds assumed to have same failure frequency as
22-28" recirculation system welds.

EM4. 2  EREBIRICH T AR v F A R A48 (NUREG/CR-6224, Table 4.2)

Table 4-2
Weld DEGB Frequency Data for Reference BWR

Pipe Category Per-weld DEGB Frequency (L/Rx-yr)
1" - 10" Recirculation 1E-06
16" Recirculation 2E-06
22" Recirculation 2E-07
All Main Steam ' 2E-07
All Feedwater 2E07
All HPCI 2E-07
All RHR 2E-07
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1l .
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I, Encapsulation

.., Dupendent

2_...

Destruction
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5_......--"" Nm:
1  Pressures isobars shown are
calculated target pressure for
6 — break conditions of 80 bars and
0"K subcooling.

L = Distance from break to targst
D = Diameter of broken pips

Figure 4-3. Three Region BWR Debris Generation Model Used in the Present Study

X141 BWRICXES % 38T 7 U £RET N (NUREG/CR-6224. Figure 4-3)
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FIM5. 1 W% T L b ixrd BNPSHEE RO FEASMBE (NUREG/CR-6224, Table 5-1)
Table 51
Frequency of Loss of NPSH margin for the Reference Plant -
Result of the Case Study
Frequency of Loss of NPSH
Case (1/Rx-y1)
No. Case Description MLOCA LLOCA Total
A.l.  Fibrous insulation debris transport during blowdown. No 2.3E-05 7.7E-05 1.0E-04
debris settling. Particulates not included.
A.2. Fibrous insulation debris transport during blowdown and 2.6E-05 8.4E-05 1.1E-04
during washdown. No debris settling. Particulates not
included.
A3.  Fibrous insulation debris transport during blowdown and 6.0E-06 6.2E-05  6.8E-05
washdown. Debris settling during low energy ECCS
recirculation phase. Particulates not included.
Ad4.  Fibrous insulation debris transport during blowdown and 0.0 59E-05  5.9E-05
washdown, Debris settling during low energy and high
energy blowdown phases. Particulates not included.
AS5.  Fibrous insulation debris transport during blowdown and 59E-05 101E-04 1.6E-04
washdown. Debris settling during low energy ECCS
recirculation phase. 2.6 f of sludge and 2.6 £ of drywell
particulates included.
A.6.  Fibrous insulation debris transport during blowdown and 49E05 101E-04 15E-4

washdown. Debris settling during low energy and high
energy recirculation phases. 2.6 ££2 of sludge and 2.6 ft® of
drywell particulates included.
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F= 5. 2 FHHBECCS 2 b L —FAEESOREMEE (NUREG/CR-6224, Table 5-3)

Table 5-3
ECCS Strainer Blockage Estimates by System

{Base Case)
System Pipe Break Frequency Blockage Frequency

{1/Rx-Year) {1/Rx-Year)
Recirculation 1.2E-04 1.2E-04
Main Steamn 2.3E-05 2.2E05
Feedwater 1.4E-05 14E-05
HPCI Steamn Line 1.2E-06 1.2E-06
RHR Lines 3.2E-06 3.2E-06
Overall 1.6E-04 1.5B-04

E£M5.3 EREOERECSA FL—FHEHSOEAEE (NUREG/CR-6224, Table 5-4)

Table 5-4
ECCS Strainer Blockage Estimates by Pipe Diameter
(Base Case)
Diameter Pipe Break Frequency Blockage Frequency

(in.) (1/Rx-Year) (1/Rx-Year)
1 2.8E-05 1.9E-05
1.25 2.0E-06 2.0E-06
2 4.4E-06 2.0E-06
4 2.6E-05 2.5E-05
6 4.8E-06 4.8E-06
10 5.3E-05 5.3E-05
16 1.8E-05 1.8E-05
18 7.4E-06 7.4E-06
20 1.2E-06 1.2E-06
22 1.5E-05 1.5E-05
Overall 1.6E-04 1.5E-04
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#1105, 4 Z b L—F R A 2420 L8 ONPSHEE M EE ~ DR
(NUREG/CR-6224. Table 5-5)

Table 5-5

Effect of Doubling Strainer Area on the Frequency
of Loss of NPSH Margin for the Reference Plant

Frequency of Loss of NPSH

Case (L/Rx-y1}
No. Case Description MLOCA LLOCA Total
B.1.  Fibrous insulation debris transport during blowdown. No 0.0 3.3E-05 3.3E-05

debris settling. Particulates not included.

B.2.  Fibrous insulation debris transport during blowdown and 0.0 4.0E-05  40E05
additional material during washdown. No debris settling
Particulates not included.

B3.  Fibrous insulation debris transport during blowdown and 0.0 9.6E-06 9.6E-06
washdown. Debris settling during low energy ECCS
recirculation phase. Particulates not included.

B4 Fibrous insulation debris transport during blowdown and 0.0 3.6E-06 3.6E-06
washdown. Debris settling during low energy and high
energy blowdown phases. Particulates not included.

B5.  Fibrous insulation debris transport during blowdown and 0.0 1.8E-05 1.8E-05
washdown. Debris settlifrg during low energy ECCS
recirculation'phase. 2.6 ft” of sludge and 2.6 £ of drywell
particulates included.

B6.  Fibrous insulation debris transport during blowdown and 0.0 9.6E-06  9.6E-06

washdown. Debris settling during low energy and high
energy recirculation phases. 2.6 ft° of sludge and 2.6 £ of
drywell particulates included.
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FIM5. 5 A b L—FRREEESC Ln%Awwmﬁkﬁﬁmmkﬁ

(NUREG/CR-6224. Table 5-6)

Table 5-6

Effect of Reduction of Flow in Half on the Frequency
of Loss of NPSH Margin for the Reference Plant

Frequency of Loss of NPSH

Case (1/Rx-yr)

Ne. Case Description MLOCA LLOCA Total

C.1.  Fibrous insulation debris transport during blowdown. No 0.0 5.5E-05 5.5E-05
debris settling. Particulates not included.

C.2.  Fibrous insulation debris transport during blowdown and 0.0 6.2E05  6.2E-05
additional material during washdown. No debris settling.
Particulates not included.

C.3.  Fibrous insulation debris transport during blowdown and -00 1.8E-05  18E-05
washdown. Debris settling during low energy ECCS
recirculation phase. Particulates not included.

C4.  Fibrous insulation debris transport during blowdown and 0.0 1.4E-05 14E-05
washdown. Debris settling during low energy and high
energy blowdown phases. Particulates not included.

C.5.  Fibrous insulation debris transport during blowdown and 0.0 3.3E-05 3.3E-05
washdown. Debris setthfr‘lf during low energy ECCS
recirculation phase. 2.6 # of sludge and 2.6 ft* of drywell
particulates included.

C.6.  Fibrous insulation debris transport during blowdown and 0.0 2.3E-05 2.3E-05

washdown. Debris settling during low energy and high
energy recirculation phases. 2.6 ft° of sludge and 2.6 £t of
drywell particulates included.
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=I5 6  AHBSIRIL/DF AV B S ONPSHER SR ~ DR

(NUREG/CR—6224. Table 5-7)

Table 5-7

Effect of Using 3 L/D Zone of Destruction Assumption on the Frequency
of Loss of NPSH Margin for the Reference Plant

Frequency of Loss of NPSH

Case (1/Rx-yr)

No. Case Description MLOCA LLOCA Total

D.1.  Fibrous insulation debris transport during blowdown. No 34E05  9.6E-05 1.3E-04
settling allowed. Particulates not included.

D.2.  Fibrous insulation debris transport during blowdown and 34E-05 9.6E-05  13E-04
washdown, Settling not allowed. Particulates not
included. '

D.2.  Fibrous insulation debris transport during blowdown and 3.2E-05 6.8E-05 1.0E-04
washdown. Settling allowed during low energy ECCS
recirculation phase. Particulates not included.

D4.  Fibrous insulation debris transport during blowdown and 0.0 6.5E-05 6.5E-05
washdown. Settling allowed during low energy and high
energy phases. Particulates not included. _

D.5.  Fibrous insulation debris transport during blowdown and 58E-05 1.01E04 16E-04
washdown. Settling allowed during low energy ECCS
recirculation phase. 2.6 2 of studge and 26 ft° of drywell
particulates included.

D.6.  Fibrous insulation debris transport during blowdown and 5.5E-05 9.5E-05 1.5E-04

washdown. Bettling allowed during low energy and high
energy phases. 2.6 # of sludge and 2.6 £t of drywell
particulates included.
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FM6.1 (FEESWREREICN T ANPSHERDOF S

(NUREG/CR-6224. Table 6.1)

Table 6-1
Estimates of CDF Contributions from ECCS NPSH Loss at BWR 4/Mark I Plants
Flant Large CDF Estimated CDF Contrib, from  Contrib. "Notes
LOCA Freq. Calculated NPSH Loss of Large
{per Rx-yr) in IPE {per Rx-yr) LOCA to
(per Rx-yr) Base Case  Parametric IPE CDF
Results Analysis (per Rx-
{0.25 ACCU%  (0.04 ACCU?) yr)
Ref. Plant 1E-04 7.8E-06 2.5E-05 §.26-06 <BE-08 _ CDF from
{this study) NPSH loss
based on
1.3E-4 LOCA freq.
(IPE) of 1E-
04/Rx-yr
Plant No. 1! 5.9E-04 4.8E-05 1.5E-04 24E05 <7E07 IPE CDF
(IPE) represents a
mean value
Plant No. 2! 1E-04 B.0E-05 2.5E-05 4E-06 47808  IPE CDF
(IPE} represents a
mean value
Flant No. 3! 1E-04 1.9E-06 2.5E-05 4E-06 <19E-08 TIPE CDF
(IPE) represents a
mean value
Plant No. 4! 2.6E-04 22805 6.5E05 1.0E-05 2.5E-08 IPE CDF is
(IPE) for unit 2;
unit 1 CDF
is
2.1E-05/Rx-
yr

! Extrapolations from base case results and from parametric analysis results
2 ACCU = Alternate Core Cocling Unavailability
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