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SI-191: Analysis of Recovery Options

Kris Kern LANL
Willard Thomas Omicron e
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.+ Accident sequences as in NUREG/CR-6771 :
- ; — Quantified recovery actions 7«

— Event tree and fault tree analysis
T — Human Reliability Analysis (ASEP)
; « Modeled after a typical PWR cooling system ¢

~=- e« Cooling must be maintained for 24 hours
=~ <« Results given in technical letter LA-UR-02-7562 .
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Continue ECCS Recirculation Cooling
— Recirculation pumps continue operation despite loss of NPSH

— Actions are taken to restore NPSH and reestablish ECCS
recirculation cooling

Switch to injection cooling with alternate source of water
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Pumps may operate with loss of NPSH :
Failure probability :
— No data available — engineering judgment
— LLOCA -0.8 :
— MLOCA-0.5
— SLOCA - 0.4 (Open PORV, LOFW)

Testing should be done to see if this is a viable recovery
option z
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"« QOperator must diagnose need
o — Recognize symptoms of recirculation loss
; — Instruments must alert operator

-~ e Operator must act to restore recirculation
T — Adjust flows
e — Use backflush system (if available)

B s b s Rk ol
‘
v
.

« Pumps must continue operating after recovery
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: Continued ECCS Recirculation

Failure probability

LLOCA —-0.46

— MLOCA -0.16

SLOCA - 0.025 (Open PORV, LOFW)
Driven by

— 1. Pump failure with loss of NPSH
~ 2. Operator failures
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Based on Accident Sequence Evaluation Program (ASEP)
methodology (NUREG/CR-4772)

ASEP used to provide screening values for postulated
diagnosis and post-accident actions

Judgments were made regarding time available for operator
actions and corresponding stress levels

Some credit given for HRA recovery factors (RFs)
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Reestablish Injection
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Operator must diagnose need to switch

Switch must be successful
— Operator executes change
— ECCS components operate

RWST must be refilled
— Spent fuel pool
— Mixing water and boric acid from CVCS
— Alternate RWST where available
- Large LO_CA; timé_ ‘fo_r’oﬁ"e‘ of three metths
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. ailure probabilit
LLOCA - 0.87 .

TR e

_ MLOCA —0.37 ’
; - — SLOCA - 0.045 (Open PORV, LOFW) -
- * -« Driven by |
‘ — Operator failure — high stress, short time -
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:  CDF Associated with LOCA Events :
« Traditional initiating event frequencies: "

SEE — Debris effects — 138 factor increase from no debris :

ey i,

— With recovery — 19 factor increase from no debris =

i

7= I "
A . B
£

-+ -+ Leak before break initiating event frequencies
o — Debris effects — 45 factor increase from no debris .

SR — With recovery — 2 factor increase from no debris :
.~ -« Increase warrants plant-specific studies
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Sample Event Tree - LLOCA

Large LOCA } ECCS Inject.| Contanment | ECCS Recrc | Containment Spray | Avoid Loss ECCS | ECCS Recirc With | Recover from Loss
>6 inch LLOCA Spray injection LLOCA Reclrculation Recirc, NPSH Margin| Loss NPSH Margin |of ECCS Recirc Due
Due to Debris to Debris £nd State -
# Names
LLOCA JECCS_INJ_L| SPRAY_INJ |ECCS_RECIRC_l] SPRAY_RECIRC DEBRIS_OK_L RECIRC_NPSHM_L| REC_DEBRIS_L Sub-Atm
1 ok ok
Assumptions in NUREG/CR-6771 apply .
2a ok ok ;
2b ok ok -
2c cd cd -
3 ok cd 3
4a ok cd X
‘ b ok cd p
‘ 4c cd cd L
5 cd cd -
6 ok . -
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Fault Tree

ECCS Recire.

ECCS Recirc With Loss
NPSH Margin

Note. This model assumes that g}l sump
blockage events are potentially
recoverable

{ 1
N ECCS Pumps Fail to Failure to Restore and
Operate with Loss NPSH Mantain Recirculation

Margin Cooling

|

Failure of Operators to Diagnose
Loss of ECCS Recirculation

Py roba

I

|

Operator Fails 10 Recogmze
Symptoms of ECCS
Rectrculation Loss

B

TN

Ry
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+
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el A

Failure of Instrumentation
and Alurms Needed 1o Akert
Operators to Recirculation

. Loss (common cause

hardware fatlure)

ablhstlc R|sk Analysns Group

Di&ié:on

> PR
OPPER | S AT,

e

-
e o o R v R e e R i e rdh 25k R e »,,‘.mb.u«,wmd N

e mn

ECCS Pumps Fail to Failure to Restore Recireulation

Continue Operatmg Cooling Via Adjustment of’

Afier ECCS Flow 1s ECCS Flows and Backflush

Re-established

| ]

Note There 1s & major uncertamty
wth regard to the fatlure Fatlure to Restore [CCS Failure of Backflush
probability of ECCS pumps to Recirculation Cooling by Sysl'em to Restore
continue operatng after ECCS Adjustmg ECCS Flows NPSH

flow 15 re-established

[

‘Operator Fails to Restore ECCS * , ~
Recireulation Cooling by Tummg O
2Sprays; Turmng OfT Redundant LCCS
~Core Injection Tramn(s), andror ~ 1. .
J‘hronlmg of ECCS Core lnjeclmn ey

Ll
<’41.

-Operator _ Ty
| Inadvertendly Tums 4
‘omANCore ¢ *
Coolmg Flowor *,
Owerthrottles Core - 2
Coolng Flow . . «~
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Fault Tree

Failure to Re-establish
ECCS Injection

ECCS injection
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] I 1

Fail to Reswatch ECCS from Opemtor.FaiIs to Diagnose Need to Re-establish Failure to Replenish RWST Inventory or to

Recirculation to Injection ECCS Ir_uect:on (event probability assumed to Utilize an Alternate RWST (1 €, an RWST from

Lineup include instrumentation; however, probability 1s an Adjomning Umit)

dominated by operator error)

[ | |
Operator Fails Mechanical Failure of ECCS Fatlure to Replenish Failure to Replemish Failure to Utilize an Alternate
to Reswitch Components Duting Re- RWST via Spent Fuel RWST v1a Blending RWST or Alternate ECCS
ECCS from alignment of ECCS to Poo! of Bonc Acid and Pumps (at muluple unit sites)
Recirculaton Injection Mode Clean Water
1o Injection [ @
Laneup

Note* At least one multiple umt site has
@ Note There 15 a major uncertainty with regard to the f"z“f?;m‘:’:‘xf;mk;?;; :::t‘;l“o: plant
failure probability of ECCS pumps to restart and run no'nhsout :he other umt’s HPI <
after injection hneup reestablished due to potential pump
debnis-related pump damage
{ - 7 |
, © .| OpemtorFastoOpen- ~ |- | Mechanical Failure of .| .OperatorFalsto . | Mechanical Failure * -, N
N o ,Manual Valves o RWST |~ .Spent Fuel Punfication {: |z Align Valves, Start ’ +of Boric Acid or 1. - . ’
N “and Sterta Spent Fuel - | ~ '] Components - ./} e Bonc Acd Pump - ) “Pnimary Water 1 . - L
o N . | .Pool Punfication Pump " . | .anda Primary -~ .| -Componenss - - we “

L. Nou. At 8 represemanvc P\VR makeup from the Spent Fue
-, Poolcanbe ‘provided at 400 gpm. Agproximately 100, 000

s « gallons tan be pumped from the poolwuhout wolaung .
o chhnu:xl Spccnﬂcatnon lmms on pool mvcnlory level b
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Baorn stz

"Water Pump, and M
Ensure Blending -
*.Oceurs With Propcr
TlBoron s v
"]~ Concentration , <

Pis

r'Alal'r'

b]endmg of boric ac1d is llmned to 120 gpm. -
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