March 31, 1993 Dockei No. STN 52-00

Chet Poslusny, Senior Project Manager

Standardization Project Directorate

Associate Directorate for Advanced Reactors
and License Renewal

Office of the Nuclear Reactor Regulation

Subject:  Submittal Supporting Accelerated ABWR Review Schedule - Seismic Margins
Analysis

Dear Chet:

Enclosed is a final draft of Section 191 which responds to several NRC questions regarding the
ABWR seismic margins analysis. This draft will replace the current Section 191 of the SSAR.
Changes made since the last revision of this draft are indicated by vertical bars in the right hand
margin. Responses to NRC questions are indicated by vertical bars in the left hand margin. GE
believes that all NRC questions regarding the seismic margins analysis are responded to in this final
draft.

On Page 191.1-1, reference is made to Section 19D.7.4. A draft of Section 19D.7 was sent to 3ob
Palla (by Larry Froderick) on 12/16/92. Another copy is enclosed for your information.

Sincerely,
%WQ ELS

Jack Fox
Advanced Reactor Programs

cc: Jack Duncan (GE)
Norman Fletcher (DOE)

Bob Palla (NRC) W
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19L1 INTRODUCTION

A seismic margins analysis has been conducied for
the ABWR using a modificaton of the Fragility
Analysis method of Reference (1) to calculate high
confidence low probability of failure (HCLPF)
accelerations for important accident seguences and
accidem classes. HCLPF values were calculated for
components and structures using the relationship

HCLPF = A_ »exp(~2.326B, )

where: A, the median peak ground
acceleration corresponding to S0%

fatlure probability,

B, =  the logarithmic standard deviation
of the component or structure
fragility.

L]

The resulting HCLPF acceleration corresponds
essentially 1w the 95th percent confidence level that at
that acceleration the failure probability of a particular
structure or component 18 less than 0.05 (5%).
HCLPFs for accadent sequences were evaluated through
use of event wees, and seismic sysiem analysis was
performed with fault trees (o determine HCLPFs of
systems.

The seismic margins analysis evaluawes the
capability of the plant and equipment to withstand a
large ecarthquake (2*SSE). In this analysis, two
aliernative methods were used to evaluate the seismic
accident sequences—a “convolution” method and a
“min-max” method.

In the convalution method, accident suquences are
evaluated by combining input fragility curves according
to the Boolean expression for each seguence. Seismic
and random/human failure probabilities are calculated
and combined (convolved) for discrete imervals of
ground acceleration. and then integrated over the range
of interest.

In the min-max method, input fragilites are
combined by using the lowest (numimum) HCLPF
value of a group of inputs operating in an OR logic,
and by using the highest {maximum ) HCLPF value of
a group of inputs operating in an AND logic.
Random/human fallure probabilities are reported in
combination with HCLPFs for each accident seguence.

Anglysis of the effects beyvond core damage (Level
2 PRA anglysis) was not & part of this seismic margins
analysis. However, event irees wore constructed 1o
examine the possibility of loss of containment

REV. A

isolation resulting in & large release given the
carthguake and a resplung core damaging accident.

Because of the inclusion of a rupture disk in the
ABWR design as an ulumate means of contammment
heat removal, and because an carthquake would not
prevent rupture of the disk, failure of containment heat
removal is not modeled in the seismic margins
analysis. (There are no Class 1l sequences in the
analysis.) There are two valves in lme with the rupture
disk; however, these valves are left n an open position,
and the earthquake would not cause these valves o
close. e

seismic margins analysis. These operator actions

There are several operator actuons included in the
discussed in Section 19D.7 4.

19111
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191.2 COMPONENT AND
STRUCTURE FRAGILITY - Ay B¢

Component and structere fragility values have been
estabhished for selected swuctures and components that
have been identified as poientially important 1o the
seismic margims anaiysis. The fragility values used in
the analysis are shown in Table 191.2-1, together with
the calculated component/structure and system
HCLPFs. The component fragility values are based on
genenc components used in operating plants having
SSEs of 1.15-0.2 g These component fragilities are
conservative for a plant designed and buiht 10 an SSE of
0.3 g. For more information regarding the development
of these fragihities and capacities, refer 10 Appendix
19H.

Amendiment

23AB100AS
REV. A
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Table 191.2-1
ABWR SYSTEMS AND COMPONENTS'STRUCTURES FRAGILITIES

SYSTEM/COMPONENT MED _CP LOG STD HCLPF"
Ay ) > in
1. Plant Ess. Structures (S§)
- Reactor Building 32 A5 1.12
- Comamment 31 44 1.11
- RPV Pedestal 50 44 1.80
- Control Building 4.1 44 147
- Reactor Pressure Vessel Support 50 33 2.32
2. Support Systems (PW)
#. AC Power (ACP)
- Diesel Generator 18 46 62
- Transformer (480 V AC) 1.8 46 62
- Motor Control Center 15 46 62
- Cable Tray 30 60 74
- Circuit Breaker 20 S50 63
- Invener 22 46 75
b. Service Water (SW)
- Pump (Motor Driven) 18 A6 62
- Heat Exchanger 2.0 A5 70
- Valve (Motor Operated) 3.0 60 74
- Check Valve 3.0 60 .74
- Room Air Cond. Unut 2.0 S0 632
- Piping 3.0 60 74
- SW Pump House 17 45 60
- AC Ducung 3.0 60 74
¢. DC Power (DCP)
- Batienes AND 3.3 A6 1.13
- Charger 2.2 46 75
- Cable Tray 30 60 74
3. High-Press Core Flooder (UH)
- Pump (Motor Driven) 1.8 46 62
- Imjection Valve (Motor Op) 3.0 60 74
- HPCF Piping 30 60 3
- Check Valve 30 60 74
4. Reactor Core Is. Cooling (UR)
- Pump {Turbine Driven) 2.0 45 70
- Steam Sup. Vaive (MO) 30 60 74
- Discharge Valve (MO) 0 60 74
- Min Flow Valve (MO) 3.0 60 74
- Check Valve 3.0 60 74
« RCIC Piping 30 60 14

L

HCLPF = A, *exp(-2.326*, )

Amendmeni 1912-2
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Table 191.2-1
ABWR SYSTEMS AND COMPONENTS/'STRUCTURES FRAGILITIES (CONT.)

SYSTEM/COMPONENT

£, Low-Press Core Flooder (V1)
- Pump (Motor Dnven)
- Chock Valve
- Injection Valve (MO)
- Discharge Valve (MO)
- LPCF Piping

6. RHR Heat Exchanger (HX)
- Heat Exchanger

7. Reactivity Control Sys. (C)
- Fuel Assemblies
- CRD Guide Tube
- CRD Hor sing
- Shroud Suppon
- Hydraulic Control Unint

8. SKRVs Close (PC, PCIH
- Safety Relief Valve

9. Depressurization (X)
- Safety Relief Valve

10. Level & Press. Control (LPL)
- Safety Relief Valve

11. Inhibit ADS (PA)
~ Safety Relief Valve

12. Standby Lig. Cont. Sys. (C4)
- SLC Tank
- SLC Pump
- Valve (Maotor Operated)
- SLC Pipnng

13. Condensate Injection (V2)
- Pump (Motor Driven)
- Injection Valve (MO}
- Piping

14. Firewater System (FW)
- FW Tank
- Pump (Dhesel Driven)
- Impection Valve (Manual)
- FW Piping
- Valve (Manual)

HCLPF = A_=exp(-2.326*B_)

MED CP  LOG STD  HCLPF®

A ) in
18 46 62
3.0 60 .74
30 60 74
30 60 .74
20 60 74
20 A5 .70
14 35 62
18 .36 78
35 46 1.20
20 36 R7
20 50 63
30 6l 74
30 60 74
30 60 .74
0 60 i /|
i8 A6 62
1% A6 62
3.0 60 74
30 60 .74
1.8 A6 62
30 60 .74
30 60 .74

¥y 45 79
1.8 A6 52
36 60 RY
3.0 60 74
i6 60 RO

Firewater tank may be designed and built 10 a lower capacity «f provision is made for &
pumper truck and hose to go 10 an aliernate water supply.

191.2.3

e e e
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191.3 EVENT TREE ANALYSIS

The event! trees used in the ABWR Level 1 seismic
margins analysis are shown on Figures 191.3-1 through
191.3-3. The mdivadual paths through the event trees
represent the accident sequences which are input 1o the
HCLPF analysis. There is essentially only one seismic
event tree, bul i is presented on three figures
representing transfers from Figure 191.3-1 to Figures
191.3-2 and 191.3-3.

The event trees show the random [failure
probabilities and HCLPFs for each top event. Human
error probabilities are included in the random failure
probabilites.

191.3.1 Support State Event Tree

The seismic event tree of Figure 191.3-1 starts
with the spectrum of seismic events, considers whether
or not there is a structural failure (node ST), whether or
not offsite power 15 lost (node LOP) and continues
from there. Because of the ground rules of the analysis
and the relative values of seismic fragihues, loss of
structaral integrity results in core damage, and survival
of offsite power resalts in successful event lernnnaton.
Thus. all remaining accident sequences on Figure 191.3.
1 are for cases of no structural failure, but alwavs with
loss of offsiie power.

The success or failure of emergency AC power
and/or service water (node APW), and the emergency
DC power (station battenies) (node DP) are taken into
consideration in Figure 191.3-1 10 accounmt for support
system dependencies. Fatlure of all DC power results in
& high-pressure core melt since all control is lost, the
high-pressure systems fail, and the reactor cannot be
depressurized. The condition of successful emergency
AC and DC power and successful scram 15 indicated by
the ET vansfer and 1s described in detall in Figure
191.2-2, The condition of successful emergency AC and
DC power, but with fatlure 1o scram is indicated by the
ATWS transfer, and is described in Figure 191.3-3.

The condition of failure of emergency AC
continues on Figure 191.3-1, The next questions are
whether or not there is a loss of DC power (station
batieries) and failure 10 scram (node C). Failure to
scram is considered as a Class 1V core melt. With
suceessful DC power and scram, RCIC (node UR) and
firewater (node FA) are the only available means of
water mgection into the RPV since all AC power is
lost, Since station batteries will eventually discharge
resulting in loss of RCIC, or if RCIC fails, the reactor
must then be depressurized (node X) 1o allow fiewater
inpection,

The firewater system has diesel driven pumps and
all needed valves can be accessed and operated manually.
No support systems are required for firewaier operation.
The firewater pump s housed i an external building
(shed), whose collapse would not prevent the pump
from starting and runming. The failure probability of
firewater 18 dominated by operator failure 10 initiate the
system. For the upper branch, where RCIC s
successfal. the operator has & hours before the station
batteries expire and RCIC trips. The human error
probability (HEP) for this case 1s 1E-3. For the lower
branch, where RCIC fails, the operawor has only 30
minuies in which 1o depressurize the reactor and mitiate
firewater mmjection. For this case, the HEP is 0.1. In
the event that the firewater diesel fails to start, the
operator could make use of a fire truck, but this was
not modeled.

If the RHR heat exchanger fails (node HX) due to
the carthguake, 1t 18 presumed that the failure could
mclude a pipe break that could partiatly drain the
suppression pool into the RHR pump room. Fission
product scrubbing would still be effective preventing a
large release. These sequences are identified with a "P”
fe.g.. IB2-P).

191.3-1
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191.3.2 LOSP with Emergency Power
and Scram Event Tree

In the evemt wee of Figure 191.3-2 (ET wansfer),
there are two similar divisions depending on whether or
101 there is a stuck-open relief valve (node PC). If there
1s & stuck-open valve, the reactor will eventually
depressurize causing loss of RCIC sieam supply. The
probability of having a stuck-open valve is 2E-3, based
on operaung expenence. I both high-pressure injection
systems fail, the reactor must be depressurized rapidly
for low-pressure system use (LPFL -V1, or condensate
mjection -V2) In ABWR. condensate pumps can be
transferred 1o the emergency bus by the operaitor. The
HEP for this action 15 0.1,

Amendment

23A6100AS
REV. A
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191.3.3 ATWS Event Tree

Figure 191.3-3 (ATWS transfer) represents failure
to scram, and requires standby liguid control (automatic )
and operator action to conwrol reactor water level with
the injechion systemis) that are avaidable. The HEP for
this acuon is 0.01. In this ATWS analysis, if high-
pressure systems fail, core damage results. No credit is
given 1o low-pressure injection. For an ATWS, the
probability of a stuck-open SRV was conservatively
increased to 0.1, on the basis of increased SRY
acuvity,

Amendment

23A6100AS
REV. A
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1914 SYSTEM ANALYSIS

The fault trees used m the seismic system analysis
are shown on Figures 191.4-1 through 1914-12. The
seismic system analysis calculates the probability of
seismic failure of cach of the important sysiems
The system seismic failure probabilitics are then mput
1o the cvent trees and combined with random system
failure probabilities and human errors. The seismic
fault wrees contain only those components that might
be subyect 1o seismic failure, Random system failure
probabihitics are waken from the internal events analysis
and mclude ali other components. One of the imponant
ground rules of the seismic margins analysis 1§ that all
Itke components in a system always fail wgether.

The reactor protection system, control rod dnive
svstem, and aliemate rod insertion system were not
modeled since the failare of control rods 1o msert is
dominated by the relatively low seismic fragility of the
fuel assemblies, control rod guide tubes, and housings,
A seasmic fault tree for reactivity control is shown on
Figure 191.4-10. The fuel assemblies are the most

fragike component

A seismic faphl tree for the standby hgud control
system s shown on Figure 191.4.11. Failure of the
standby hiquid control system 1s dommated by failure of
wo components: the pumep and boron suppiy tank.

Since the most fragile essentigi component n the
plant is the ceramic insulator in the switchyard, the
loss of offsite power dominates the analysis and the
availability of emergency power becomes very
important, The loss-of-power fault tree (Figure 191.4-7)
15 for emergency AC power. In the loss of emergency
AC power fault wree, the more fragile components are
the dicsel generater | transformers, motor control
centers, mverter and relay switch. The DC power fault
tree (Figure 1914-%) has two branches: with and
without availability of AC power. For the branch with
AC power, the battenies gnd charger must fail.

Systems and eguipment which reguire offsite
power, such as the feedwater system, are not modeled
since offsite power 1s presumed to be not available for
the core damage seguences. The condensate mjection
system 18 modeled on Figure 191.4-12 since credn 18
given 1o the operator for transfernng condensate to an
emergency bus (soc Figure 191.3-2.) The human error
probability (0.01) 5s much greater than the seismically
mduced equipmeat fmlure probability, therefore, this
faul wee has negligible impact on the HCLPF value of

Essential service waler 15 as important as
emergency power, and 1s loss would have much the
same effect as the loss of emergency power. The loss-

(

23AG6I00AS
REV A

of-service-water fault wee s shown on Figure 191.4-9,
The more fragile componenis in this sysiem are the
service water pump, heat exchanger, and room air
condiioning umit. The service waler pump house, with
a HCLPF of 0.60, 1s also included in this fauh trec.

Structure fatlures that could contnbute 10 seismic
core damage are shown on Figure 191.4-6. In this
analysis, any one or more of these structural falures are
conservatively presumed 1o result in core damage. The
structures having the lowest seismic capacity are the
reacior bunlding and conwrol building.

The remar.der of the fault trees are for core cooling
and containment cooling (Figures 191.4-1 through
191.4-5). The more fragile components in these
sysiems are the pumps, heat exchangers, and the
fircwater supply tank. The condensate storage tank
(CST) is not modeled since the ECCS systems that
take suction from the CST have avtomatic switchover
10 the suppression pool if CST level is low. Valves for
the switchover are included in the fault rees.

Because of the imporntance of RCIC in station
blackout sequences, differences between the seismic
RCIC fauh rec and the internal events fault wee are
explained below:

(1) The miernal events fault tree contains basic events
that would not be affecied by an carthquake, e.g.,
test and mamtenance unavarlabilty. These events
contribute 1o the random failure probability during
the scismic event and are included n the random
fatlure part of the seismic analysis. They are
deleted from the RCIC sexsmic fault tree,

2y The imemal events fault tree contains common-
cause failure events. These are deleled from the
RCIT seismic fault tree since a basic rule of the
seismic analysis is that all like components
within a system fail 1ogother.

3) The imtemal events RCIC faull wree comains
separaie events for the wrbine and for the pump.
The scismic fault gree uses a combined event,
“wrbine-driven pump’, since that is the assembly
for which there 15 a seismic capacity.

191.4.1
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Figure 191.4-3
LPCF SEISMIC FAULT TREE
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19L5 ACCIDENT SEQUENCE
HCLPF ANALYSIS

Seasmic fragility of a stracture or component is
defined as the conditional probability of its failure as a
function of peak ground acceleration. The probability
model adopted for sach component fragility 15 the Jog-
normar distribution. The density funcuon for the
component fragility, £(g), can be written

(le)= Jrmgry oxp| - V2linle/An T o g0

s B
where: A, =  median capacity of the component,
B, = logarithmic standard deviation of

the fragility function,
g =  peak ground acceleration.

The cumalative distribution of the component
fragility, Fig), will then be

F(g}:j—pz»rup{ v2[nfe, /A, /8. ]} e

191.5.1 Convolution Analysis

If a system, S, (or sequence) comtamns two
components (A, B} operating in OR logic, the failure
of either component will fail the system (S = A + B),
and the cumulative fragility distribution of the system
15 one minus the product of their complementary
cumulative fragility distributions :

Fylg)=1-(1-F,ig)(1-Falg))

On the other hand, if two elements operate in AND
logic, only the failure of both components will fail the
system (§ = A ¥ B), and the cumulauve fragiiity
distribution of the system is the product of their
cumulative fragility distributions:

Fylg)=F,(glFylg)

Using the two principles above, the distribution
function of cach sysiem fragility 1s obtamed by
combining its component fragility functions based oo
it Boolean expression derived from the sysiem fault
tree.

Then the OR logic methodology is used 1o
convolve the seismic and random/human failure
probability of the systems. The combined cumulative

fragihity disuwibution of a system, Fe(g), 18 the OR
logic combinanon of the cumulative seismic fragility
distribution, Fg(g), and the cumulative random/buman
failure distribution, Fr, as follows:

F (g)=1-(1-F (g)+(1-F,)

Similarly, the distribution for each accident
sequence 1s denived from the combined sysiem fragility
funcuions by using the Boolean expression obtained
from the seismic accident sequence cvent *rees. The
fifth and fifticth percentiles of the combined cumulative
distribution of each accrient sequence are used 10 obtain
the A_and B_for the corresponding sequence. Then,
the H&dehwalmqwme:sobﬂmdby
using the formula presenied in the Introduction section
as follows:

HCLPF = A »exp(-2.326*8, )

where the parameters A_ andB are the median capacity
and logarithmic standard dev tatmnofmclognmnﬂ
distribution of the acciden! sequence.,

9151
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191.5.2 Min-Max Analysis

e et
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If a system, §, (or sequence) conlains iwo .

components (A,B) eperating i OR logic, the failure of |
any component will fail the system (S = A + B), and
the cumulatve fragility distribution of the system is

governed by the fragility distribution of the weakest i

component. This principle is applicd 1o the system ;

fault trees, which generally are made up of OR gates. i

1

I 1wo glaments operate in AND logic, only the .

failure of both componems will fail the system |

(S = A*B), and the cumy'muwe fragility distribution :
of the system s governed by the fragility distribution

of the strongest component. This principle is apphied 10 ;

accident sequences, which are composed of ANDed :

elements.

|

i

|

e

}

|

|

;

|

1

|

Random/human failure probabilities greater than
1.0E-3 are combined with HCLPs for elements i an
accident seguence as follows:

(HCLPF1+ RHP1)*{HCLPF2 + RHP2) =
HCLPFI*HCLPF2,
HCLPFI* RHP2,

HCLPF2+*RHPI.
RHP1* RHP2,

where: HCLPF1 the HCLPF of one event,

RHPI the random/human failure

probability of that event,

HCLPF2 = the HCLPF of a second
event, and

RHP2

il

the random/human failure
probability of the second
event,

The resulting combinations are reduccd according 10
min-max rules,

Amendment 19152 i
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1906 RESULTS OF THE ANALYSES

The resuits of the convolution analysis are shown
on the event trees and in Table 191.6-1 in terms of
HCLPF values for the accident sequences. with and
without the inclusion of random failures. As seen in
the event wees and the table, the HCLPF values for all
accident sequences are greater than 0.60g, which is
twice the safe shuidown carthquake (SSE = (.30g). The
results of the convolution analysis in terms of accident
classes are shown in Table 191.6-2.

The HCLPF value of accident seguences obtained
from the min-max analy-is are prninted on the event
trees next 1o the column of accidemt classes. The
combination of HCLPF and random failure
probabilities of accident sequences are desoribed in
Table 191.6-3. As can be seen, no accident sequence has
a HCLPF lower than 0.60g.

Amendmen
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SEISMIC MARGINS FOR ABWR ACCIDENT SEQUENCES
(CONVOLUTION METHOD)

Accident
Sequ hee
Number

Amendment
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23A6100AS

REV_A

7

With Rand Eail Wit Rand Eail
HCLPF MED_CAP LOG STD HCLPF MED _CAP LOf% STD

{in g)

T ek T DD O e e e e e e e e O D e O e O e O 0D T e e

-

13
.46
5
99
79
21
.83
09
27
.29
5
93
14
.46
02
33
12
.13
.28
46
96
.89
95
.26
.87
R0

96

(Am)

130
3.52
1.40
213
3.00
3.34
1.58
2.17
3.01
3.34
1.21
2.
3.30
352
2.30
2.65
197
3.04
3.10
4.16
1.68
3.00
282
405
298
1.44
1.69

(Bc’

0.46
0.38
l‘ 29

33
0.57
.44
(.28
0.30
049
041
0.23
0.33
0.46
(.38
0.35
0.30
(.24
043
(.38
045
0.24
0.52
047
0.50
0.53
0.25
0.24

(in g

D D e vk O D e e e e e e e e O S e I e D e O SR e b

13
46

(Am)

3.30
352
1.40
2.13
2.00
3.34
1.62
2.8
30
3.34
1.21
201
3.30
3.52
2.30
2,65
2.00
3.04
i1
4.16
1.69
3.00
204
4.16
3.00
144
1.69

‘Bf’

0.46
0.38
0.29
0.33
0.57
0.44
0.26
0.29
048
041
023
0.33
0.46
0.38
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Table 191.6-2
SEISMIC MARGINS FOR ABWR ACCIDENT CLASSES
(CONVOLUTION METHOD)

y

Accidem HCLPF MED _CAP LOG STD  HCLPF MED _CAP LOG STD

Class {in g) (Am) (Be) {in g) (Am) (Be)
1A 0.83 1.76 0.32 .85 1.76 0.31
B2 0.71 1.40 0.29 0.72 1.40 .29
IC 0.90 1.44 (.20 0.92 146 0.20
D 0.83 1.40 0.25 0.9¢0 1.52 0.22
IE 1.02 2.30 0.35 1.02 2.30 0.35
v 0.69 1.12 0.21 0.70 1.13 0.20

IA-P, IE-P 0.92 1.52 0.22 0.93 1.53 0.21
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Table 191.6-3
HCLPF DERIVATION FOR THE ABWR ACCIDENT SEQUENCES
(MIN-MAX METHOD)
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Standard Plant
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Sequence 1 : DP - 1.13g —
11138

Sequence 2 - DP*HX — 1.13g*0.7g —
' L13g

Sequence 3 : APW*FA - (0.60g+1 6E-3)*0.62g+1.0E-3) —

Sequence 4 : HX*APW*FA > 0.70g%(0.60g+1.6E-3)*(0.62g+1 0E-3) -
0208

Sequence 5 X*APW — 0.74g*{0.60g+1 6E-3) —
‘.74g

Sequence 6 : HX*X*APW — 0.70g*0.74g*(0.60g+1 6E-3) —
:0J4g

Sequence 7 : FA*UR*APW -5 (0.62g+1.0E-1)*(0.70g+6.0E-2y*(0.60g+1 6E-3) —»
0705 . 0.62g*6.0F -2, 0.60g°6.0E-3

Seguence 8 ¢ HX*FA*UR®APW —»
1 0.70g*(0.62g+1.0E-1)*(0.70g+6.0E-2)* (0.60g+1 .6E-3) —
Sequence @ : X*UR*APW — ().74g*(0.74g+6.0E-2)* (0.60g+1.6E-3) —»
(.74

Sequence 10 : HX*X*UR*APW — 0.70g*0.74g*(0.74g+6.0E-2)*(0.60g+1 6E-3) —
0.74g

Sequence 11 : C*APW -5 0.62g*(0.60g+1.6E-3) —
* Q ﬁ’\g

Sequence 12 : HX*C*APW — 0.70g*0.62¢* (06041 6E-3) —
0,708

Sequence 13 : DP*APW — 1.13g*(0.60g+1.6E-3) —
L13g

Amendmesit 19164
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Table 191.6-3

HCLPF DERIVATION FOR THE ABWR ACCIDENT SEQUENCES

Seguence 14

Sequence 15

Sequence 16

Sequence 17

Sequence 18

Sequence 19

Sequence 20

Sequence 21:

Seguence 22

Seqguence 23

Sequence 24

Sequence 26

Sequence 27

(MIN-MAX METHOD)

(CONTINUED)
: HX*DP*APW — 0.70g*1.13g%(0.60g+1.6E-3) —
:113g
)
Lllg

cHX*SI -» 0.70g*1.11g -

Adlg

: V2*VI*UH*UR —
({0.62g+1.0E-1)*0.62g*(0.62g+2. 7TE-3*(0.70g+6.0E-2) —
0 Zﬂﬂ Qﬁ’g‘ﬁ 0E-2

- X*UH*UR -5 0.74g*(0.62g+2 TE-3)*(0.70g+6 0E-2) —
0745

: V2*VI*UH*PC —»

(0.62g+1 OE-1)*0.62g*(0.62g+2.7TE-3)*(0.74g+2.0E-3) —
0745 . 0.62g*2.0F -3

: X*UHYPC ~» 0.74g%(0.62g+2 . TE-3*(0.74g+2.0E-3) -
0.74g

UR*UH*C - (0.70g+6 0E-2)*(0.62g+2.7E-3)*0.62¢ —
0708 . 0623*6.0E-2

: PAYC —» ((0.74p+2 4E-3)*0.62g —»
074 062g*2 4E-3

: UH*PCI*C — (0.62g+2.TE-3)*(0.74g+1.0E-1)*0.62g —

s PA*PCI*C -5 (0.74g+2 4E-3)*(0.74g+1 OE-1)*0.62g —
0.74g

: LPL*C —» (0.74g+1.0E-2)*0.62g —
:0.74g . C62g*1.0E-2

- C4°C - (0.62g+1.4E-2)*0.62g —
0628

: UR*CA*C — (0.62g+2.7E- 3)(0.62g+14E-2)*0.62g -
- 0.62¢
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1917 CONTAINMENT ISOLATION
AND BYPASS ANALYSIS

In the seismic margins analysis there were no
cutsets leading 1o core damage with HCLPF values
lower than 0.6g. A supplemental analysis was
conducted to0 evaluale the HCLPF wvalues for
containment isolation for events that could cause
contwnment bypass as a resull of an earthquake, with
potential for large releases 1o the environment.

Based on the resulis of the bypass analysis
discussed in Subsection 19E.2.3.3 and shown on
Figure 19E.2-19, the events selected for evaluation in
thus analysis are:

r( 1§]
(2) Feedwater or SLC imjection lines (see Figure
19E.2-19B),

Main stcam hines (see Figare 19E.2-19A),

(3)  Reactor mstrument, RWCU mstrument, LDS
mstrument/sample or containment atmosphere
monitoring lines (see Figures 19E.2-19D, 19E.2-
19E,; and 19E.2-19F, respectively),

@) RCIC sieam supply or RWCU suction lines (see
Figure 19E.2-19E),

(5) Post accident sampling hines (see Figure 19E.2-
190),

{6) Drywell sump drain line (see Figure 19E.2-19]),

{7) SRV discharge lines (see Figure 19E.2-19K),
(8) ECCS hnes (see Figure 19E.2-19C),

©)  Drywell merting/purge hines (see Figure 19E.2-
191),

(10) Wetwellfdrywell vacuum breaker lines (see Figure
19E 2-19G).

The bypass paths for aimospheric control system
crosstie lines (Figure 19E.2-19H) require inadvertent
opening of two normally closed motor operated vatves,
Since the scismic analysis does not consider a fail-open
mode for normally closed valves, these bypass paths are
not included in the analysis.

In the bypass analysis of Subsection 19E.2.3.3,
several potential bypass pathways were excluded from
dctatled analysis on the basis of various reasons. The
reasons are discussed m Subsection 19E2.3.2.2 and
Table 19E.2.-1. These reasons were reviewed 1o
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seismic events. All but one of the reasons are based on
configuration details that would not be affecied by an
carthquake. RHR werwell and drywell spray hior 5 were
excluded on the basis that the pipes are des’ ;ned for
higher internal pressures than will be see’. in actual
operation and would thus have a very low probability
of breaking. In this case, the seismic event counld
merease the probability of a break in these lines.
)/Howevm, these pipes have very high seismic capacity

‘dmcrmme whether they remain valid in regard to

(3.0g) with very low probability of breaking due 10 a
SCISMIC event,

An event tree was constructed for cach of the above
events. These event trees are shown on Figures 191.7-1
through 191.7-10. All evenmt irees start with the
carthquake as the initiating event followed by a core-
damaging acadent. If there is no core damage there is
no large release. The HCLPF and random failure
probabuility are shown for each branch point, and the
sequence HCLPFs using convolut.on and min-max
methods are also shown on the figu:cs.

Figure 191.7-1 is for suppression pool bypass via
main steam hines. Following the carthquake and
accident, the guestion 1s asked whether or not there is a
break i a main steam hine outside containment. If there
15 4 break, the question is asked whether or not at least
one MSIV in each steam line closes o isolate the
break. For the case where there 18 no break, there could
stll be a bypass release 1o the main condenser if a
turbine bypass valve is open - unless the MSIVs are
closed 10 1solate the break. The two bypass sequences
for this event both have mn-max HCLPF capacities of
0.74g.

Figure 191.7-2 is an event wee for bypass via
feedwater or standby hguid control lines, These lines
inject mto the RPV and are protecied from reverse flow
by redundant check valves. These check valves provide
wolation of upstream breaks provided that one of the
valves closes in the line with the break. The two
bypass sequences for this event also have min-max
HCLPF capaciues of 0.74g,

Figure 191.7-3 is for bypass via reactor instrument,

!

RWCU mstrument, LDS instrument, LDS sample or

1 comamment atmosphere monitoring lines. These lines

are also proiected by check valves, a single valve in
each line. The bypass sequence for this case also has a
min-max HCLPF of (0.74g.

Figure 191.7-4 is for bypass via either the RCIC
steam supply e or the RWCU suction line. Both of
these lines are protecied by motor operated isolation
valves which reguire power. Since offsite power s lost
duc io the carthquake, emergency power 1§ required. The
two bypass sequences for this evem hoth have ‘nin-max
HCLPFs of 0.74g,

19171
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Figure 191.7-5 is for bypass via the post accident
sampling lines. These lines are also 1solated by motor
operated valves, The bypass sequences for this event
also have min-max HCLPFs of 0.74g.

L TR e Sy - Ll R N

Figure 191.7-6 is for bypass via the drywell sump
dran line. This line ic protecied by a motor operated
isolation valve and a check valve. Both components
have HCLPF capacities of 0.74g and the two bypass
sequences have min-max HCLPFs of 0.74g.

Figure 191.7-7 is for bypass via the SRV discharge
lines. If there 1s a break in an SRV discharge line
during a core-damaging accident, and that SRV is open,
a bypass pathway will exist. In this analysis, it is
assumed that the SRV will be open during the accident.
The resuliing HCLPF capacity for this seguence is the
capacity of the SRV discharge line (0.74g). i

Figure 191.7-8 is for bypast via any of the ECCS
hines. The lines of concern are the HPCF and LPFL
warm-up and discharge lings. These lines are protected
by motor operated isolation valves and check valves.
The resulting min-max HCLPF capacity is 0.74g.

Figure 191.7-9 is for bypass via drywell
inertmg/purge lines. These lines are protected by air
operated valves. The bypass sequence for this case also
has a min-max HCLPF value of 0.74g,

S TS DN TS e N = CPRRRNERNEE= WS 8RE

Figure 191.7-10 is for bypass via wetwelldrywel
vacoum breaker lines. It requires an inadverient opening
of a vacuum breaker (check valve) 10 imtiale a bypass
during a severe accident. The bypass sequence for this
case also has a HCLPF of 0.74g.

TVl S s O et = P W

All sequences for all events in the bypass analysis
have min-max HCLPF capacities of 0.74g which is
significantly larger than 0.60g (two times SSE) and
therefore, no further analysis is needed. (The reason that |
all bypass sequences have the same HCLPF value
{0.74g) 1 that the failures are always either pipe or
valve failures, boih of which have the same seismic
capacity (3.0g).

Amendment 191.7-2
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19D.7 HUMAN ERROR
PREDICTION

ABWR human rehiability analyses were performed
by GE personnel. The GE reliability engineening staff
has exiensive and diverse expenence gamned through the
performance of many significant PRA/PSA programs.
These have included three major PRAs that have
received regulatory agency review and approval:
BWR/6, GESSAR II, Limerick, and Alo Lazio.
Performance of human error analyses was an integral
part of each of these acuvites.

An important outcome of these efforts and
accumulaied experience is the recognition that basic
knowledge of BWR plant design, plant procedures, and
accident analysis 15 a key factor in reahisucally
address:ng human reliabibity analysis.

This GE overall BWR knowledge base and direct
access 10 ABWR design engineers and design
documentation, in combinabon with pnior BWR human
reliability experience, provided the basis for the
rehability engineering staff 1o realisucally address
human rehiability factors in the ABWR PRA analyses.

Results of previous HRAs, which are based upon
conventional BWR man-machine interface designs,
were used 10 provide the human reliability assumptions
needed for the ABWR PRA. The previous HRA results
are considered 1o be conservative for the ABWR because
of the significant improvements in the ABWR man-
machine mnterface design relauve 1o the earlier designs.

19D.7.1 HEPs in the Level 1 PRA

HEPs used in the Level 1 analysis are presented in
the applicable component failure raie data tables which
accompany each system fault tree presenied in Section
15D .6, as well as the wables which document branch
point values for each accident sequence event tree in
Section 19D.4. Manv of these HEPs were waken from
the GESSAR [l PRA (Reference 1) for which they were
coliected from various other sources, and modificd as
appropriate, for the GESSAR application. Many of
these values were denived (directly or indirectly) from
the Swain and Guuman Handbook of Human
Reliability (Reference 2). More recent studies suggest
that these values may be somewhat conservative. Thewr
applicauon W the ABWR PRA analyses s judged 1o be

accepiable.

Level 1 HFPs also are summarized in Table
19D.7-1, giving the computer designation, the failure
probability, idenufication of the fault wee in which the
HEP appears, and a reference for denvaton of the HEP

REV A

value. The first five actions on the list are the most
imporant to the Level 1 analysis because of their effect
on core damage frequency. These five actions are
discussed in the sensitivity analysis (Secuon 19D.7.7),
including identification of needed provisions in the
plant design and procedures related to these operator
actons.

The sixth acton on the list (LPL - control of water
level in an ATWS), although not a significant
contributor to CDF (because of the low probability of
ATWS), would be very imponant given an ATWS.
Because of this, it is imporwani that the same
provisions be made related 1o this action, as are required
for the first five actions, namely:

(I) The operator must have a clear unambiguous
indication of the conditions requiring the acton.

(2) The operator must have the capability of
performing the necessary action from the mamn
control room in a simple straightforward manner.

(3)  The operator must have clear written operating
procedures regarding the action 10 be taken.

(4) The operator must have thorough training in the
conditions requinng the action.

in general, human errors of both omission and
commussion are expecied 10 be minimized by operator
waming and symptom-onenied emergency procedures.
In addition, in most cases, substantial opportunity
exists for peer and supervisory ntervention within the
response umes available during accident seguences,
prior 1o core damage or loss of containment miegrity.

Incorporation of human actions in fault and event
trees is relatively swaightforward where single ovent
actions are required to initiate or inhibit system
functions. This type of apphication was predommant in
the treatment of human error in the ABWR PRA.
Exceptions included the use of screening values based
on successful performance of an estimated number of
required operations, and the detaled modeling of
instrument miscalibravon.

The calibration of sensors was identified in
WASH-1400 (Reference 3), the Handbook of Human
Reliability, GESSAR, and other PRAs as being &
dominant faillure mode for all sensors or instrument
sysiems that are required 1o initiate typical ECCS
functions. The most probabie scenano for common
mode miscalibrabon of sensors was identfied as that in
which a miscalibrated standard is used, the instrament
technician fails 10 recognize the error in the calibration

19D 7-1
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tool, and consequently all sensors measuring that

The mode! used 1o evaluate the above sequence of
events in the ABWR PRA is illusirated in Figure
19D.7-1, and includes the assumpuons made regarding
individual probabilities. This model was initiaily
developed for the GESSAR PRA and is judged
applicable 10 the ABWR analysis. The resulting failure
probablity for miscalibration of four sensors
measuring a single parameter is approximately 2.0E-
05. This value was used in the instrumentation system
fault wees as appropriate (HFELEBHX, AHP’BOOG
RFE6ISHX). In cases where one set of sensors is used
as imtiator or permissive for more than one ECCS
system, such commonalities are accounted for
functional fault tree evaluations.

The model of Figure 19D.7-1 was also used 10
denve the value for the probability of miscalibrating 2
single sensor (5.0E-S) as applied 10 the following
HEPs:

RPROOSCF
RFLOOTCF
CALNOOZA
HFEOOSCF
HPROO7CF
REOSSMSC
RPR309MC
RMOSSMSC
RPR303MC

Aithough miscaiibration of sensors is not a
significant contributor 10 CDF (panly because of the
low asscssed probability), 11 is an important
mamnienance action requaring special care.

A mainienance procedure must be established
requiring that whenever a sensor is found 10 be out-of
tolerance, before the sensor is recalibrated, the
calibration instrument is first checked or an aliernate
instrument is used to confirm the condition.

Amendmen: 77
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19D.7.2 HEPs in the ABWR
Containment Event Trees

The human errors used ir the ABWR PRA
containment event wees (CETs) are listed m Table
19D.7-2. Most of these HEPs are conservauve values
assigned by engineenng judgement with gudance from
vanous HRA reponts and analyses. The use of these
HEPs m the CETs dictates their relative importance w
the PRA, and the importance of the operatoi icuon
during the hypothesized severe accident

The most impornant operator acuon is OP - the
depressurization of the reactor. This actbon provides the
opportunity 10 recover Jow-pressure injection sysiems
and prevent or arrest core melt in some sequences. For
sequences where core mell cannot be prevented,
depressurization provides more benign melt conditions
at low reactor pressure. Because of the imponance of
this acton, reahistic values (as opposed to conservative
esumates) were used in the PRA. The values used
(0.006 when 15 minutes were available, and 0.002
when 30 minutes were available) were taken from
GESSAR (p. 15.D.3422) and from an operator time-
reliability curve.

The manual depressurization action requires the
following:

(I) The operator must have a clear unambiguous
mdication of the condibons requiring the action.

(2) The operator must have the capability of
depressurizing the reactor from the main control
room or from the remote shutdown panel if the
MCR is umnhabitable.

(3) The operator must have clear writien operating
procedures regarding depressurization under these
conditions

4) The operator must have thorough simulator
taiming in the conditions requinng manual

depressurizanon.

ARV - operator intiauon of firewater myection
inlo the depressurized RPV following failure of all
high- and low-pressure sysiems - is less impornant
(than OP), partly because of the low frequency of these
events. A judgement value of 0.) was used for two
cases where the operator would have 1 hour, and 0.01
for the SBO case where RCIC would be available for
the first 8 hours following LOSP. Both values are very
CONSErvauve.

2IABI00AS
REV A

For all remamning operator actions (HTF, ARC,
and RCH), vanous condiions would exist, as shown in
the wble; but in all cases, the accident seguence would
be well o the 1inal stages following core melt. The
operator would have at least § hours available, would
be very alert and aware of the situation, and presumably
would have adequate assistance. None of these operator
acuons have a significant effect on calculated nisk.
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19D.7.3  HEPs in the ABWR PRA
Level 2 Analysis

In addition to the human actions identified in the
Level 1 analysis and in the containment event trees,
several addivonal human actions have been identfied
and discussed in parts of the Lavel 2 analysis. All of
these operator actions occur late in the accident
sequences, mostly well after the beginning of core
melt. At those umes, the operator 1s well aware of the
situation and has a weaith of assistance in tracking
condinons and making decisions regarding needed
acuons.

An important operator action in the Level 2
analysis 1s the use of firewater sprays to prevent the

upper drywell iemperature from exceeding 533°K. This
acuon would be needed within approximately 5 hours
of the start of a high-pressure core melt. In the
analysis. the HEP used for the probability of operator
failure was 1E-3—the same value that was used in the
Level 1 analysis for failure 10 use drywell sprays for
RPV mjection. The requirements for this action are the
following:

(1) The operator must have indications in the control
room of upper drvwell iemperature and pressure.

(2) Emergency operating procedures must provide
instructions 1o the operator 1o open RHR(C)
manual valves E11-F191, 102, and -103.

(3) The operator must have access to those valves
under the accident conditions.

In the suppression pool bypass analysis
(Subsecuon 19E.2.3.3), there is an operator acuon 1o
imiuate the wetwell spray in event of failure of the
wetwell drywell vacoum breaker, ACS crosstie, or air-
operated inerting line supply valves. With a sufficiem
amount of time available for this action, a judgement
value of 0.01 was used for this HEP. This is an
imporiant operator action thai requires writien

Another action in the suppression pool bypass
analys:s 1s acuon by the operator 1o close ECCS valves
that opened as a result of the accident conditions, but
should subsequently be closed. A judgement value of
0.5 was used in the analysis for this HEP, with 30
minuies available for the action. Emergency procedures
are needed 1o provide instructions to the operator 10
close these valves in the event that the associaied

SYSiems are inoperative,

In the Level 2 analysis, there are several operator
acucns that are treated determimistically, ie., the
probability and consequences of the operalor not
performing these actions are not evaluated in the
analysis. These actions all occur laie in the accident,
and there is ne reason 1o consider that they will not be
performed. Generally, they are not important actions,
and in most cases the consequences of not performing
the actions do not have a large effect on nsk. These
acuons are listed in Table 19D.7-3.

18D 7-4



ABWR

Standard Plant

19D.7.4  HEPs in the ABWR
Seismic Margins Analysis

Human actions modeled in the ABWR seismic
margins analysis are histed in Table 19D.7-4. These
human actions are modeled in the seismic event trees.
There are no human actions i the seismic fault trees,
At the time of, and during the duration of an
earthquake, equipment that is needed may fail randomiy,
and some operator acuons may be nceded. With the
excepuon of FA—initiauon of firewater imection,
these random failures, and the associated operator
acuons are included in the seismic analysis identically
as modeled in the intemal evenls PRA. For FA,
conservauve screening values were used in the intemal
events CETs. Because of the increased imponance of
firewater in the seismic margins analysis, more realistic
values were used for FA. For idenufication and
discussion of other random events, refer 1o the internal
events PRA and the associated HRAs.

In making estimates for HEPs for the seismic
analysis, high stress levels were assumed, but no
addusonal factors were applied for the seismic event.
One reason for this 1s that although the earthquake
might have been severe, there was no strocture
(butlding) failure in the sequences where operator action
was credited. Thus, the operator might have been
shaken-up, but he would not have been injured or
mcapacitated. Furthermore, the maximum accelerabon
expected would not exceed about 1g, which is within
the capability of the operator 10 withstand.

In none of the accident sequences in the analysis
was the operator required 1o perform an action dunrg
the earthguake, but only well after the occurrence of the
event. It 15 reasonable to believe that because of the
earthquake the operator would be alerted 10 the
possibility of abnormal conditions.

The seismic margins analysis assumes that offsite
power will be lost in the event of an earthguake of the
magnitude of interest, and the seismic event trees
(Secuon 191 3) are so constructed.
19D.7.4.1 FA - Firewater Injection

In the first seismic event tree (Figure 191.3-1),
diese] generators fail, so there s no emergency power
{stanon blackout). In this situaton, the only means of
water injection into the RPV are RCIC and firewater.
RCIC 1s ininated automancally, with manual imstation
as a backup action, Reactor depressurization is also
automatic, with manual backup. The manual backup
acuons for RCIC iniuation and reactor depressunzation
were not modeled in the sessmic analysis (except for
comncidental random events).
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In the eveni seguences of Figure 191.3-1, RCIC
may start and run for 8 hours, or may fail 10 do so. In
the event that RCIC starts and runs for 8 hours, the
operator is very much aware that RCIC will trip when
the DC power supply fails. It i1s important that he be
prepared (o initiate firewater injectuon into the RPV
after RCIC wtnps and ADS occurs. (He may also be
mstructed 10 manually depressurize the reactor prior 10
automatic depressurization; but this operator action was
not modeled. )

For the case where RCIC starts and operates
successfully for 8 hours, a judgement value of 0.001
was used for the probability that the operator would fail
o accomplish firewater injecuon. Considering the
available ume and conditions, this is a somewhat
conservative estimate, although more realistic than the
value used in the imernal events PRA (0.01),

In the event that RCIC fails 1o start (or run for 8
hours), the operator must take more immediate action
10 mtale firewater ijecuon. It is assumed that he
may have only 30 minuies to accomplish this action.
(If RCIC starts, then fails later, he will have additional
tme.) Allowing 5-10 minutes to perform the acuon,
and using the ume-rehiability correlation curves from
NUREG/CR-4772 (Reference 4, Figure 7-1), a
screening value of 0.01 could be used as an estimate of
the probability of failure. A more conservative value
of 0.1 was used n the analysis. (Use of a less
conservative value for this HEP would not change the
conclusions of the analysis.)

Operator acuon 10 manually initiate firewater
INJECtion 15 an importani acuon in the event of a large
earthquake. The following provisions are needed for
this action:

(1) The operator must have a clear unambiguous
indication of the conditions of electric power,
RCIC, and reactor water level.

(2) The operator must have the capability of
establishing a firewater injection path into the
RPV in a swraightforward manner with all
necessary 10ols and equipment readily available.

(3) The operator must have clear writien operating
procedures regarding the action to be taken.

(4) The operator must have thorough training in the

conditions requiring the action, and tramning in
performing the action.
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19D.7.4.2 Alternate Boron Inmjection

In the event ree of Figure 191.3-1, for the lower
branch where scram fails, SLC will not cperate due ©
the absence of AC power. In the seismic event tree and
the seismic analysis, no credi was given to the
operator for aliernate boron injection or controlling the
RPV water level 10 reduce reactuvity. This was a
simphfication, which provided the indication that such
operator acuons would not be needed 1o survive the
earthquake. Nevertheless, provisions should be made
for, and the operaior should be instrucied and tramed 10
perform these actons.

19D.7.4.3 HX - Heat Exchanger
Iscolation

In the eveni tree of Figure 191.3-1, failure of the
RHR heat exchanger (HX) is wreated as a rupture
resulung in a flooding event; 1.¢., no credit is given 10
operator acuons 1o 1solate the ruptured heat exchanger.
Thus treatment actually has bitle effect on the analysis.

19D.7.4.4 V2 - Condensate Injection

In the second seismic event tree (Figure 191.3-2),
the diesel generators operate and there 1s emergency
power. In this event tree, there are operator actions (o
provide backup manual imtiation for RCIC, HPCS,
LPFL. and ADS: but these operslor actions aré not
modeled in the seismic analysis. There is only one
operator acuon modeled in the analysis - operator action
10 recover condensate injection.

Condensate injecuon is modeled in the intemal
events PRA, and 15 discussed in the HRA sensiuvity
analysis as event COND. In the seismic analysis, the
feedwater and condensate pumps will fail or be tripped
due w loss of normal AC power. In case of failure of
high and low pressure ECCS, the operator should
perform & bus transfer for condensate 10 the plant
mvestment protection power bus, and then restart a
condensate pump. With 30 minutes 10 perform the
action, the same HEP value 1s used that was used in the
internal events analysis - 0.1. This is a very low
probability sequence, and the V2 HEP has very littie
effect on the results. Although this cannot rightly be
considered as an important human action, the operator
should have th: means, procedures and training 1o
perform the action, since provisions for the bus transfer
have been made mn the design.

19D.7.4.58 LFL - Operator Fails to
Conurol Water Level in an ATWS

The third seismic event wee (Figure 191.3-3)
represents a loss of offsite power event followed by
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failure 10 scram with control rods. In this tree, the

only operator action of interest 1s the action to control
reacior water level,

In this event, the standby liquid control system has
operated and injecied boron successfully. The operator
now should control water level with whichever
Injecuon system or systems initiate. This 18 the same
event that was modeled in the internal events analysis
(same acronym - LPL). The value assigned 1o this
HEP in the internal events analysis (0.01) was also
used in the seismic analysis. This value is a judgement
value taken from GESSAR, Table D.1.1-1. With very
low Fussel Vesely Importance and Risk Achievement
Worth values, this operator action did not show-up in
the HRA sensitivity analysis. Given an earthquake, the
probability of the combination of loss of offsite power
and failure 1o insert control rods may be somewhat
higher than for imternal events, but sull remains as a
low-frequency sequence. It is expected that the operator
will have traming in ATWS events, and it is i
that he have the means of controlling water level; bu'
there 1s nothing special about this action following a1
carthquake that requires any additional or different
provisions.
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19D.7.5 HEPs in the ABWR Fire,
Flood, and Shutdown PRA Analyses
19D.7.5.1 Fire PRA

The ABWR fire PRA analysis (Secton 19M)
showed that 1 1s ymportant that the operators have the
capability of imitiating ECCS systems from the remote
shutdown panel in the event of a fire in the control
room. The operators must also have the demonstrated
ability 1o imitiate and control RCIC locally. For these
two operator actions, the fire analysis uses a bounding
value of 0.003, taken from Tabie G-1 (Reference 2,
Appendix G). These are imporiant operator actions that
require procedures and rraiming in the use of the remote
shutdown panel and local operauon of RCIC.
19D.7.5.2 Flood PRA

The human actions specified in the ABWR Flood
PRA analysis are listed and described in the Flood
Analysis (Section 19R.6). There are three important
Operator acuons:

(1) TIsolation of flood sources following detection by
sump pump operation and alarms or floor water
level detectors

{1

2) Closure of wateright doors 1o prevent damage 10
equipment in more than one safety division,

(3) Opening of doors or hatches to divert water from
safety related equipment (not credited in the PRA).

The PRA used 0.1, 0.05, and 0.01 for the HEPs
for acuons 1 and 2, above depending on the available
ume - <30 minutes, 30 minutes to one hour, and >1
hour, respectively. These are conservauve values based
on engineening judgement.

These operator acuons require procedures and
training to mitigate the consequences of potential
internal floods.
19D.7.5.3 Shutdown Risk Evaluation

The human acuons specified in the ABWR
shutdown risk evaluation are histed and described in the
shutdown analysis (Section 19Q.12). There are five
important actions treated probabilistically n the
analysis:

(1) Recognivon of failure of an operating RHR(SDC)
sysiem during shutdown operations.

fa) Recognition n tme to prevent boiling (in
Mode §). HEP = 1E-4 if RHR failure
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occurs during first three days afier shutdown.
HEP = 1E-§ if RHR failure occurs later
than three days after shutdown.

() Recognition in ume 10 prevent core damage.
HEP = 1E-4 if RHR fails when reactor
cavity is not flooded. HEP is ne higible of
cavity 1s flooded.

(2) Successful startup of a standby RHR(SDC)
following loss of the operating division afier the
operator has successfully diagnosed the problem.
The HEP value used was 2E-2 for failing to stan
up the first of the two standby RHR(SDC)
divisions, and 0.1 for failure to start the second
division.

(3) Successful use of one of the aliernate means of
decay heat removal (CUW, FPC, main
condenser). The HEP value used was 2E-2 for
each system.

(4) Successful use of an aliernate means of inventory
makeup using one of the non-safety grade sysiems
{CRD, feedwater, or condensate). The HEP value
used was 2E-2 for each sysiem.

(5) Uulizauon of boiling for decay heat removal in
Mode S (with the RPV head removed), including
makeup of inventory lost to boiloff. The HEP
value used was 2E-2 for cach system.

The above HEP values were calculated
conservabvely using the procedure for nominal HRA in
Table B-1 (Reference 4).

There are several addibonal operator actions dunng
sbutdownmnnlmumddcummmunym
the shutdown risk evaluation (i.e., it is #ssumed that
these acuons will be taken if needed):

(1) Implementation of fire/flood waitches during
penods of degraded safety equipment integnity.

(2) Fire fighting during shutdown operations
(possibly with part of the fire protection in
MANIENANCE).

» 'se of the remote shutdown panel during
¢ pdown operations.

The sbove lisied shutdown operator actions are
umportant and require procedures. operalor trainung, and
necessary instrumentation and alarms. A list of needed
mstrumentation s given in Subsection 19Q.12.2 of the
shutdoan nsk evaluation.
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19D.7.6

Summary of Important

Operator Actions from the ABWR

PRAs

The following are the important operator actions
identified in the ABWR Level 1, Level 2. fire, flood.
seismic, and shutdown analyses. They are divided o
four categones.

(1) Crnucal Tasks: These items should be given
consideration as being "Critcal Tasks” as defined
by the human factors evaluation, Design
Acceptance Critenia, as noted in Secuon 18E.2.

(a)

M)

©

@

{€)

&)

M)

()

@

Backup manual mitiation of HPCF (see
18D.7.1 and 19D.7.7).

Recovery of feedwater following scram with
and without isolanion (see 19D.7.1 and
19D .7.7).

Use of condensate injection following scram
with reactor depressurized (see 19D.7.1,
19D.74, and 19D.7.7).

Control of reactor water level in an ATWS
{see 19D.7.1, 19D.7 4, and 19D.7.7).

Emergency depressunzauon of the reactor
(sec 19D.7.2).

Alignment and initiation of firewater for
RPV injection with ECCS failure in an
carthquake (see 19D.7 4),

Alignment and imuiation of firewater for
drywell spray (see 19D.7.3)

Initiavon of wetwell spray (see 19D.7.3).

Isolation of water sources in an internal
flood (see 19D.7.5).

Initiation of standby RHR in event of
failure of operating RHR during shutdown
operations (see 19D .7.5),

(2) COL Maintenance liem:

@

)

Reopening of HPCF injection valves
following mainienance (see 19D.7.1 and
19D.7.7).

Calibration of sensors (see 19D.7.1).

23A6100A8
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(3) COL System Operaung Procedure: Closure of
ECCS mjection valves following ECCS failure
{see 19D.7.3).

4) COL Procedqres and Planning:

@

®)

{©)

(L0

(e}

L)

Closure of waterught doors in an internal
flood (see 19D.7.5).

Opening of doors/halches 1o divent water in
an internal flood (see 19D.7.5).

Use of non-safety grade equipment for decay
heat removal and inventory
shuwdown operations (see 19D.7.9).

Use of boiloff for decay heat removal with
RPV head removed during shutdown
operauons (see 19D.7.5).

Fure fighting coordination and establishment
of fire/flood watches during shutdown
operauons (see 19D.7.5).

Use of remote shutdown panel when main
control room is uninhabitable (see
19D.7.5).

Local initiation and control of RCIC when
control rooem is uninhabitable (see
19D.7.5).

Outage planning to mimimize nsk duning
shutdown operations (see 19D.7 5),

Groups 2, 3 and 4 are included as action items for
the COL applicant in 19.9.
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19D.7.7 Sensitivity Analysis of
HEPs in the ABWR Level 1 PRA

A sensitivity analysis has been conducied of the
HEPs in the Level 1 ABWR PRA. The first step in
the sensiuvity analysis process was 10 dentify and list
in rank of importance all human errors included in the
Level 1 PRA. That histing 1s shown in Tables 19D.7-
5 and 19D.7-6. Two additional recovery items
mvolving operator action are recovery of offsite power
and recovery of diesel generators. Those two items are
not included in this sensiuvity analysis since the failure
probabilities for those items were determined from
actual data, not from human rehability analysis, and
include factors other than human actions.

The 12 HEPs in Table 19D.7-5 are the only HEPs
that show-up in the top 300 cutsets of the analysis,
representing 98% of the wotal core damage frequency.
The fourth column in the table gives the HEP value
used n the PRA. The fifth column is the error factor
(the rano of the 95th to S0th percenule of the
uncertainty distribution) on the HEP, as provided by
the PRA uncertainty analysis. In cases where there was
no clear basis for determining an error factor, a value of
15 was used.

The sixth column is the Fusse')-Vesely Importance
(F.V.), which is a measure of the percentage
contribution of each item to the 1otal CDF. The items
mn the table are ranked according to decreasing F.V.
The last column 1s the Risk Achievement Worth
(R.AW.}, which is another importance measure, and is
the factor by which the total CDF would be multiphed
if that specific item had a failure probability of 1.0.

All items below #5 (HBMAER ) contribute much
less than 1%, individually, 10 total CDF. Most of the
nems in Table 19D.7-5, plus CALNO0O2, HFEOOSCF,
and HPROOPCF from Table 19D.7-6 have a relauvely
high R AW often because these items have relatively
low assigned failure probabilites. All 5iems on the list
except the 15 items idenufied above have very low
F.V. an® RAW. measures, and are eliminated from
further c¢ ~deration.

The first screening analysis was made by doubling
all the failure probabilities (simultaneously) of all of
the 15 uems idenufied above, and then reevaluating
core damage frequency. The resulung CDF was 59%
higher than the base CDF. This result provided an
indication that the CDF was fairly sensitive 10 one or
more of the 15 nems.

The next sensitivity run was made by increasing

the failure probability of each of the 15 iems,
individually, by a factor of 4. The factor of 4 includes
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the 95th percentile of the uncenainty distribution. The
resulis are shown in Table 19D.7-7. The 1op S nems
each resulted in increases in CDF greater than 1%. The
6th and lower-ranked iems each resulted n increases of
less than 1/72%, which 1s considered 10 be insignificant.

An addisonal analysis was made, in which the
failure probabilities of the 10 uems below #5 were
ncreased (simultaneously) by a factor of 4. The result
was a 2.33% increase in 1otal core damage frequency,
providing a further indication of the relative
msensitivity of CDF to vanability of the failure
probability of these 10 nems.

Because of the general uncertainty in theoretical
human error analysis, and the involved and labor-
intensive nature of the various HRA procedures, the
ABWR PRA uses screening methods in several places.
Even though some of the HEPs used in the ABWR
PRA are screening values and are conservative, no
sensitivity runs were made with failure probabilities
decreased from the values used in the PRA. The use of
more realistic HEPs would reduce total CDF by a small
amount, but would require additional more-detailed
HRA. Use of more realistic HEPs might also change
the relative imponance and sensitivity of the individual
HEPs, but it is doubtful that any basic conclusions or
recommendations would change.

The 1op 5 items are 1dentified as the most sensitive
HEPs in the PRA. The top 4 items are operator
actions that are needed afier the accident sequence is
minated (Type C actions). Each of the operator actions
represenied by HEPs #1 - #4 requires the following:

(I) The operator must have a clear unambiguous
indicauon of the conditions requiring the acuon.

(2) The operator must have the capability of
performing the necessary action from the main
control room in a ssimple straightforward manner.

(3) The operator must have clear written operating
procedures regarding the action 1o be taken.

(4) The operator must have thorough simulator
training in the conditions requiring the acton.

HEP #5 represents a Type A acuon (occurs prior 1
nstiation of the accident sequence). This error may be
an error of omission or an error of commission. To
prevent this error from occurring, administrative
controls must be in place to require independent
verification of the valve position following
mainienance, positive control of the key 1o the valve
lock duning periods when entry to the containment is
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possible, and control room verification of the valve
POSILION Prior 1o startup.

All five of the important operator acuons relate 10
makeup of reactor inventory - four with the reactor at
high pressure, and one (COND) with the reacior at
low(er) pressure. One of the items (HOOBOPHL ) is an
operaior acuon to backup automauc signals that failed
to muate HPCF. Three of the uems (Q, Q2, and
COND) are acuons for recovery of (non-safety) systems
that were i normal operation and were lost (inpped) at
the ume of the event. In cases where failure of the
system was the cause of (imuated) the event, no credut
was given 10 the operator for recovery of the system.
In some nstances, this is a very conservative
treatment. The remaiming nem (HBMAER1) is a Type
A operator action resulung in mispositioning of a
valve on the HPCF B discharge line.

Discussions of the derivation of the failure
probabilities for the five most sensiuve acuons follow.

19D.7.7.1 HOOBOPHL - Failure to
Manually Initiate HPCF

HPCF is automatically imtiated if reactor water
level decreases 10 Level 2. The PRA gives credit 1o the
operator for manual backup of the automatic signal.
The value used for the probability of failing to provide
manual backup initiavon 1s 0.1. (This value for
manual backup actions is used throughout the PRA
wherever the acuon required is simple and performed
from the control room.)

The action reguired to manually stann the HPCS
pumps is simple and is performed directly from the
conuwroi room with minimal time required for
performance of the action. The operator has direct
(hardwire) control for initiation of HPCF B. Manual
iniiaton of HPCF C is transmitied through multiplex
equipment. Operator action for miuation of HPCF B
and C 1s modeled as a single acoon. The time available
10 the operator for cognition and performance of the
backup action s at least 30 minutes, except for the
ATWS and large LOCA events, where the events
proceed more rapidly. For those events, the initiaung
frequency is low, and the backup manual initiaton of
HPCF has litde effect on CDF.

The estimate of 10% for operator failure
probability is made based on a long trail back through
GESSAR, the Limenick PRA (Reference 6), Swain and
Gunman (Table G-1, p. G4}, and even WASH-1400.
In Figures 7-1 and 8-1 (Reference 4) curves for
suggested screening values and nominal values for
diagnosis HEPs are given. In the case of the ABWR
backup manual imuaton of HPCF, the operator has at
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least 30 minutes available, and the actus operation of
siarung the pumps (after recognition of the need) is
simple and requires a minimal amount of ume. With
at least 30 minuies available for diagnosis, the curves
of Figures 7-1 and 8-1 (Reference 4) suggest a failure
probability of 0.01. The ABWR PRA uses a
conservative screening ve'ue of 0.1.

19D.7.7.2 Q - Failure to Inject with
Feedwater During a Non-Isolation Event

The ABWR feedwater controller is designed 1o
withstand turbine trips (and other transients) without
ipping. Nevertheless, the PRA analysis assumed
(conservatively) that S0% of the non-isolation
mitiaung events would result in tripping of the
feedwater pumps. It was further postulated that in 10%
of these cases, the operator would fail to restan
feedwater pumps. (This also is probably conservative,
since the FW pumps were in operation just prior 1o the
incident, and only one pump is needed in the accadent
sequences.)

As in the case of backup iniuation of HPCF, the
estimate of operator failure probebility is made based
on GESSAR, the Limerick PRA, and Swain and
Guuman. The same curves in Figures 7-1 and 8-1
(Reference 4) for suggested screening values and
nominal values for diagnosis HEPs were used. In all
cases of FW recovery in the ABWR PRA, the
has at Jeast 30 minutes available, and the actual
operation of restarting a FW pump («fier recognition of
the need) requires a minimal amoun' of ume. With al
least 30 minutes available for diagnosis, the curves of
Figures 7-1 and 8-1 (Reference 4) suggest a failure
probability of 0.01. The value of 0.1 used in the
ABWR PRA i3 conservative—even more conservative
than the value used for imtiation of HPCF—because of
the hugher frequency of, and greater operator familarity
with, startup of feedwater pumps.

Iniuation and control of feedwater and condensate
are basic routine acuons which are performed by the
operator repeatedly, from the control room, and under a
wide spectrum of varying circumstances and conditions.
There are few, if any, actions more familiar 10 the
operator. However, it is essential that the operator
have clear indications of the plant conditions
(particularly reactor water level and status of ECCS
pumps), that he be thoroughly trained under conditons
simulating the spectrum of accident sequences of
concern, and that the plam EOPs provide clear
nstrucuons.
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19D.7.7.3 Q2 - Failure to Inject with
Feedwater During an Isolation Event

The analysis in the ABWR PRA assumes that
40% of solation iniuating events will be due 10 loss of
feedwater. This 1s based on operating data from BWRs
in the US. For events that are initiated by loss of
feedwater. the PRA gives no crednt for recovery. This
1S conservative treatment, since many loss-of -feedwater
events (in operating plants) are due 10 spunous trips
which are routinely reseL

The ABWR PRA assumes that 60% of the
isolation inttiaung events will be due to closure of the
MSIVs. The ABWR feedwater controller 1s designed
nde-through a MSIV closare event without tnpping.
Even so, as in the case of non-isolation events, the
ABWR PRA analysis assumes that 50% of the MSIV
closure events will result in wip of the feedwater
pumps. Also, as in the case of the non-isolation
events, the probability of failure of the operator 10
recover feedwater is assigned a value of 0.1 in the PRA.
Based on the above factors, the value for Q2 is:

0.4 +{0.6%0.5%0.1) = 0.43

Since the ABWR feedwater pumps are motor-
driven, and the condenser hotwell inventory is
automaticaily replenished from the CST; it is not
necessary for the operator 1© reopen the MSIVs in order
1o use feedwater for RPV injecuon. (However, the
operator may need to reopen MSIVs to regain the main
condeaser for decay heat removal.)

19D.7.7.4 COND - Failure to Inject with
Condensate (to a Depressurized Reactor)

In the PRA analysis, for transient events with
successful scram, and for the small LOCA event, credit
1s given for operator recovery of condensate following
failure of hugh-pressure mnjection and depressurization of
the reactor on low water level, Actually, in most cases
no operator acuon 1§ required, since condensate pumps
will continue 10 operate and pump through minimum
bypass lines so long as power and suction water are
available. (L MSIVs close, operator acuon may be
needed to reopen MSIVs 10 provide recovery of the
main condenser for decay heat removal.) The value of
0.1 used for the probability of failure 10 recover
condensate 15 a very conservauve screening value.

19D.7.7.5 HBMAER]I - Valve E22.
FOOSB Closed (NOFC)

Valve E22-FO0OSB s a normally-open valve on the
discharge of the B-loop HPCF pump. This valve is a

Amendment 77
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manual locked-open valve located inside of the drywell,
and the valve position is indicated in the main control
room. The PRA assigns a probability of 0.0]1 1o the
possibility of the valve being closed due 1o human
ervor. Since the valve is inside the containment and is
a manual locked-open valve, the human error must be
Type A (pre-accident). NUREG/CR-4772 (ASEP)
suggests use of a basic HEP of 0.03 for pre-accident
errors, which it considers conservative. ASEP and
Table 20-22 (Reference 2) suggest application of a
factor of 0.1 for recovery. Because of the valve lock
and the control room indication of the valve position,
applicauon of the recovery factor is reasonable. Plant
administrative procedures should also require that the
valve position be independently venfied followng
maintenance. The value of 0.01 used in the PRA is
conservauve.

HCMAER1, which 1s the operator error for
mispositioning the HPCF C discharge valve, also has a
HEP value of 0.01 in the PRA; however, it is much
less sensitive than HBMAER]1. This 1s becausc there
18 no hardwire backup for manual initation of
HPCF C.

D711
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19D.7.8  Sensitivity Study of HRA
in Comparison to a Brookhaven
National Laboratory (BNL) Study
19D.7.8.1 Introduction

This analysis 1s 1n response 1o a request from the
NRC for GE 10 perform a sensitivity analysis on the
ABWR PRA comparable 1o an analysis by BNL
(Reference 5). 1t is a BNL evaluation ~f the impact of

human errors on the internal event risk parameters in
the LaSalle PRA.

It should be stated that due 10 manv differences
between the ABWR plant and the LaSalle plant, and
differences in the structure and methods of the two
PRAs, direct compansons may be misleading.
Nevertheless, an attempt has been made to repeat the
BNL methods as closely as possible in a2 similar
analysis of the ABWR PRA HEPs.
19D.7.8.2 BNL Analysis

The BNL analysis was performed by multiplying a
group of esumated HEPs corresponding approximately
to median values of the LaSalle PRA HEPs
simultaneously by a factor and computing a2 new core
damage frequency; then muluplving all of these HEPs
by # larger factor, and continuing the process 10 a limit.
The same HEPs were also divided by the same factors
and the resulung CDF computed. The HEP factors
used in the BNL analysis were limited by the Sth and
95th percentiles of the individual mpm HEP
distbutions and, of cou-se, the HEP factors were also
timited 10 keep the resuiting values within the [0,1)
probability interval. The ulumate limit factor in the
BNL analysis corresponds 1o the maximum error factor
of 29 of the input HEPs. The result is a curve of CDF
vs HEP facor.

The BNL results are shown on Figare 19D.7-2
{Reference 5, Figure 5.7), where BNL showed Type A
ipre-accident) and Type C (dunng accident) HEPs.
There were only 4 Type A emors in the LaSalle PRA.
The Type C errors were almost completely related o
restoration of lost offsite power and recovery of failed

A statement is made in the BNL report that
"..since all human errors were varied simultaneously,
the displayed extreme values of core melt frequency
should be regarded as hypothetical, resulting from
extrapolation of PRA models bevond their origiaily
intended purposes.” That caution is equally applicable
to this analysis.
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19D.7.8.3 ABWR Analysis

In this ABWR analysis, HEP factors were apphied
directly to the ABWR PRA mean value HEPs. The
HEP factor limits corresponded 1o Sth and 95th
percenules of the HEP distributions, and were also
hmited © keep the values of the new HEPs within the
[0.1] probability interval. The ultimate Limit factor in
this ABWR analysis corresponds to the maximum
ABWR PRA error factor of 15.

One significant difference between the LaSalle and
ABWR HEPs is that the LaSalle Type C errors were
dominated by recovery of offsite power and diesel-
generators, whereas the ABWR PRA did not idenufy
HEPs for these two recovery acuons (since the recovery
frequencies involved more than operator action and were
based on expenence data). Another difference is that the
LaSalie PRA idenufied only 4 Type C errors, while the
ABWR PRA has 23.
19D.7.8.4 Discussion of ABWR Results

The results of this sensitivity analysis are shown
on Figure 19D.7-3, which is a plot similar to the BNL
figure. As in the BNL analysis, the HEP factors are
shown as ranging from 1/29 10 29. This may be
somewhat misleading (in both analyses), since ali
HEPs are not multplied by the HEP faior indicated on
the x-axis because of upper and lower limits on many
of the HEP factors. The shapes of the curves of the
two analyses are very similar in that they are both s-
curves truncated at both ends, and in both cases the
increase in CDF above the base is much greater than
the decrease below the base. However, in the LaSalle
analysis, the CDF continues 10 increase out 10 a HEP
factor of 29, whereas the ABWKR curve does not
increase beyond a HEP factor of about S, due to lower
HEP factor limits and use of means vs medians.

The CDF increase in the ABWR curve is less than
in the BNL curve (about a factor of 3 compared 10 a
factor of 10), even though the base CDF for SBWR is
about two decades lower than the LaSalle CDF. This
is due (at least partially) to the lower HEP facior
limits. The difference may also he due in part 10 the
automation of key safety functions in the ABWR
design.
19D.7.8.5 Conclusions

The conclusions from this sensitivity analysis are
the following:

(1} The sensitivity of CDF 1o HEP uncertainty is
limited by the probability interval {(,1], and the

19D.7-12
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input HEP error factor (or other measure of

dispersion).

Within the limits of the HEP error factors, the
maximum effect of HEP unceriainty in the
ABWR PRA 15 an increase in CDF of about a
factor of 3.

Decreases m HEP values below the values used in
the PRA have very hule effect on CDF.

Type A HEPs have very littie effect on the results
of the PRA.

In spite of significamt differences between the
ABWR and LaSalle plants and PRA models, the
Tesuits of the two sensitivity analyses are similar.

The results of this analysis are in agreement with
and supplement the previous GE ABWR human
error sensitivity analysis.

19D.7.13
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19D.7.10 Cutsets and Accident
Sequences Containing Human
Interactions

The HEPs in the top 300 cutsets of the ABWR
miernal events analysis were discussed previously in
Subsecuon 19D.7.7 and are listed in Table 19D.7-5. In
this subsecuion. the accident sequences and cutsets
containing those HEPs are identified.

19D.7.10.1  Accident Sequences
Containing Human Interactions

The accident sequences contaiming human
interactions are listed in Tabled 19D.7-8.

19D.7.10.2 Cutsets Containing Human
Interactions

Of the top 300 cutsets in the analysis, 110
contained no human interacuons. The 1otal frequency
of these cutsets 1s 1.12E-7, representing 71.6% of the
total CDF. There were 2 total number of 190 cutsets
contaming hur.an interacuons, with a total frequency
of 4 28E-8.

Of the 190 cutsets containing human interactions,
128 contained a single HEP. The total frequency of
these cutsets was 1. 88E-8, representing 12.0% of the
totai CDF. These cutsets are listed in Table 19D.7-9.

Of the remaining 62 cutsets, 59 contained two
HEPs. The total frequency of these culsets was
2.40E-8, representing 154% of the wwal CDF. These
cutsets are listed in Table 19D.7-10.

There were no cutsets containing three HEPs.
There was one cutset contamning four HEPs. The cutset
containing four HEPs has a frequency of 1.20E-11
(<0.1%), and is in sequence TIO-04. The HEPs in this
cutset are O, COND, HOOBOPHL,, and RHRCFER.

There were two cutsets comaining five HEPs. The
total frequency of the two cutsets 1s 3.13E-11 (<0.1%).
One of these two cutsels is in sequence TIS-0S, with a
frequency of 1.86E-11 and comtaining HEPs Q2,
COND, HOOBOPHL, RHRCFER, and ROOIOPHL.
The other of these two cutsets in sequence TM-05 with
a frequency of 1.27E-11 and containing HEPs Q,
COND, HOOBOPHL, RHRCFER, and ROOIOPHL.

Amendment 77
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Li-Last

Name

Q2

COND
HBMAER!
LPL

ROERROR4

CTGMANSW

RPROOSCF
RFLOOTCF
HFELEBHX

RHRSPER

CALNOMA

RHRCFER

*See Sensitivity Analysis (Subsection 19D.7.7)

Table 19D.7-1

HUMAN ACTIONS MODELED IN THE ABWR LEVEL 1| PRA

Description
Failure 1o manually ininate HPCF
Fatlure to mpect with feedwater
Failure 1o inject with feedwater {T1S)
Fatlure 10 imject with condensate
Valve E22-FO05RE closed (NOFC)
Oper. fails to control W.L. in an ATWS

Oper. fails 1o atiempt manual viv. op.
{Backup for RCIC disch, viv. (FO13))

CTG mannai discormect switch [leftl open
(Following maintenance on gas turbine gen.)

S iscalibrat
B iscalibents
Water level 8 sensors miscal. (4 div.)

Oper. fails 10 manually initiate
ISP cooling mitiation (within 20 hours)]

Miscal of flow xmirs FTOORA, B & C

Oper. fails 1o manually initiate
(Backup for RHR core flood A/B/AC)

Failure Prob,
0.10
0.05
043
0.10
0.01
om

0.10

JE3

SE-5
2E-5

6E-5

SE-5

0.10

Fauit Tree
HPCF
EVENT TREES
EVENT TREES
EVENT TREES
HPCF SLCS
EVENT TREE

RCIC

RBCW

RCIC
RCIC
RCIC HPCF

RHR

RHR

RHR

Basis

-

GESSAR, Table D.1.1-1

GESSAR

NUREG/CR-1278

NEDE-22056, p. 85
NEDE-22056, p. 85
NEDE-22056, p. 85

GESSAR, p. 15D.3-465/1

NEDE-22056, p. 85

NEDC-30936, Appendix H
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Name

3
T

ROERRORY

ICMAERT

ADSMAN

S

1
b1

| COX)

H

WOPERR

SLOCOINSA

3
!

COO2HE

HUERORS

VOPERRF

ASECUSNA

{

MAN

HUMAN ACTIONS MODELI

Description
Valve E22-FOOSC muspositioned (NOF
Oper. farls 1o manually open valve
Fatlure of ADS manual init. (hackup)

Oper. fails 10 imbate within 30 mun

(R L”‘\ fow RO imitiatvon
3 ,iﬂuv" 10 TeSkye nOormai hf‘;ll removai

Faislure 10 actuate RWCl)

Operator fals 10 reset tnp circus

(RCIC iternal trips)

Horon concentration \,m:(:lm; farture

COhperator fanls to imitiate SEX

Operator fasls 0 imtiate S1LC tank heater

Oper. fasls 10 perform indicated achon
‘Backup to RBCW imitzation)

Oper. fals o wransfer from CST o SP

Operator fails 1o start pump

]

Operator fails 10 backup N7 imtiation

Operator fails 1o backup AR intiation

Failurs

19D.7
ABWR

PRA (CONTINUED)

Fault Tree

HPC)

AR]

Ni

‘V’

Basis

REGAR

1B BERT) tRTS

I AR RTS

SSAR

REG/ACR

Y. WM

DC.W0s

|

Appendix H
Appendix H

Appendix H

Appendix H

\ppendix H
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Name

EHUGYC
EHUBI
EHUB2
EHUR}S
EHUB4
EHUSIAD
EHUSIBD
EHUSICD
EHUSIDD

HFEOOSCF
HPROOTCF
AHITO06
RFE6ISHX
REOSSMSC
RPRIOOMC
RMOSSMSC
RPR3IOIMC

ROERRORS
HBMAER2
HCMAER?2

CO0TAMOV
CONTBMOV
CO01ICMOV

Table 19D.7-1
HUMAN ACTIONS MODELED IN THE ABWR LEVEL 1 PRA (CONTINUED)

Description Failure Prob. Fault Tree Basis
Owperator fails to transfer power 1E-1 Flec. GESSAR
Operator {ails 10 bypass 13 Elec. GESSAR
Operator fails 0 bypass 1E-3 Elec. GESSAR
Operstor fasls o bypass 1E-3 Elec. GESSAR
Operator fasls o bypass 1E-3 Elec. GESSAR
Oper. fails to xfer stdby charge” to Div. | 1E-3 Elec. GESSAR
Oper. fails o xfer stdby charger 1o Dwv. 11 1E-3 Elec. GESSAR
Oper. fails 1o xfer sudby charger o Div. i1l 1E-3 Elec. GESSAR
Oper. fails to xfer sidby charger to Div. IV 1E-3 Elec. GESSAR
Miscal. of flow xmtrs SE-5 HPCF NEDE-22056, p. 85
Miscal. of pressure xmirs SE-5 HPCF NEDE- 22056, p. 85
Miscal, of pressure xmirs 2E-5 ADS NEDE-22056, p. 85
Miscal. of CST level sensors 2E-5 RCIC NEDE- 22056, p. 8S
Elec. overspeed sensor miscal SE-§ RCIC NEDE- 22056, p. 85
High trbine exh. press. xmir. miscal SE-5 RCIC NEDE-22056, p. 85
Mech. overspeed sensor miscal SE-S RCIC NEDE-22056, p. 85
Low suction press. xmir. miscal S5E-5 RCIC NEDE-22056, p. 85
Valve Mi ai
Vaive F) inadvertently left open 0.01 RCIC GESSAR
Test valve E22-FX9B inadven. icft open 0.01 HPCF GESSAR
Test valve E22-FO0OC madvert. left open 0.01 HPCF GESSAR
Manual overnide fails intiation signal 18E4 RHR GESSAR
Manual override fails imtation signal 18E4 RHR GESSAR
Manual override fails mitiaton signal 18E-4 RHR GESSAR

ug|d psEpurls

gy

SYO0I9vLZ



ol
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Name

op

ARV

HTF

ARC

Table 19D.7-2

HUMAN ACTIONS MODELED IN THE ABWR PRA CONTAINMENT EVENT TREES

Description

Operator fails 1o depressurize reactor

Operator fails to initiate firewater

Operator fails 10 initate drywell spray

Operator fails to recover RHR or firewster
Operator fails to initiate firewater
Operator fails to realign firewater to RPV
Operator fails to initiate firewater
Operator fasls 1o imtiate firewater
Operator fails 10 imtiate firewater
Operator fails 10 imtiate firewater
Operator fails o imtate firewater

'ludgemeul - conservative value assigned.

Probability

6E-3
6E-3
2E-3

0.01
0.10
0.10

0.01
0.0
0.0
0.01
0.01
6.01

o.m
0.01
0.01
0.01
0.0
0.01
004
0.01

Event Tree (Fig.)

19D.5-6
19D.5-9
19D.5-8

19D 58
19D.5-11
19D.5-15

19D.5.4
19D.5-5
19D.5-7
19D.5-10
19D.5-12
19D.5-14

19D.5-5
19D 5.6
19D 5-7
19D.5-9
19D.5-10
19D.5-11
19D .5-14
19D.5-15

15 min. Meference N
15 min. Meference 7
30 min. Meference 1)

* & & 5 ¢ »

LA IR T L R R I

Basis

>R hrs.
1 hr.
! hr

S hrs.
5 hrs.
5 hrs.
5 hrs.
S hrs.
S hrs,

5 hrs,
5 hrs.
5 hrs,
5 hrs.
5 hrs.
>R hrs.
5 hrs.
>R hrs,
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Table 19D.7-2
HUMAN ACTIONS MODELED IN THE ABWR PRA CONTAINMENT EVENT TREES

(CONTINUED)
Name Description Probability
RCH Operator faiis o realign RHR afier ARC 0.01
Operator fails 1o realign RHR after no ARC 0.10
Op. fails 1 recover RHR or realign firewater 0.01
Op. fails to recover RHR after no firewater 0.10
Op. fails w recover RHR or realign firewater 0.01
Op. fails to recover RHR after no firewater 0.10
Op. fails to recover RHR or realign firewater om
Op. fails to recover RHR after no firewater 0.10
Op. fails 1o recover RHR 0.01
Op. fails to recover RHR or realign firewater 0.01
Op. fails to recover RHR after no firewater 0.10
Op. fails to recover RHR or realign firewater 0.01
Op. fails to recover RHR after no firewater 0.10
Operator fails o initiate firowater 0.10
Operator fails 1o realign RHR after ARC 0.01
Operator fasls to realign RHR after no ARC 0.10

'Jndgemem - conservative value assigned.

Event Tree (Fig.)

19D.5-5
19D .5-5
19D 5-6
19D.5-6
19D.5-7
19D.5-7
19D .58
19D.5-8
19D 5-8
19D.5-9
I9D.59
19D.5-10
19D.5-10
19D.5-10
19D.5-14
1903.5-14

LR T I O O O T U U U R R Y

Basis

>8 hrs,
>8 hrs,
>8 hrs.
>8 hrs.
>8 hrs.
>8 hrs,
>R hrs.
>R hrs,
>R hrs.
>R hrs,
>R hrs.
>8 hrs.
>R hrs,

20 hrs,

>R hrs.
>R hrs.
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Table 19D.7-3

OPERATOR ACTIONS TREATED DETERMINISTICALLY IN THE ABWR
LEVEL 2 PRA

Assumed Action

1. RPV WL lowered below the shuidown cooling
nozzie and RPV depressurized fullowing a break
of an RWCU line with failure of isolaton valves
10 close.

ra

Non-essernnial DC loads shed from stauion
battenes in event of staton blackout.

3. Firewater injecuon stopped if suppression pool
W L. reaches the same elevation as the bottom of
the RPV, uniess firewater were the only means
of RPV injection and the RPV was sull ntact

4. Furewater spray is initualed as necessary 1o
maintain the upper drywell temperature below
533°K.

5. Firewater spray is imitiated in the event of
drywell faiture,

6. Water supply 1o the RCIC is switched back 1o
the CST if a high suppression pool temperature
alarm occurs.

7. W, at any ume, the shutoff head of the firewater
system were exceeded, injection would be
accomplished by use of a fire pumper truck.

Beason for the Assumption

Procedures will instruct the operator 10 maintain the
W.L. between TAF and S feet above TAF for these
conditions (see 199.1).

Batienes should be available for at least 8 hours after
stauon blackout without load shedding. The ABWR
PRA assumed 8 hours of bauery life.

Suppression pool W.L. would be steadily increasing so
that the operator would have significant advanced
indicanon that action would be required. This situation
would oniy occur about 16 hours into the accident and
at least 12 hours afier initianon of firewzier. Procedures
are needed to provide operator guidance for this
situation.

The upper drywell iemperature would be slowly and
steadily increasing. Thus, the operator would have
ample advanced indicabon that action would be required.
This siuation would occur about 16 hours into the
event.

Acuon needed within 30 minutes of drywell failure, but
at least 20 hours into the accident. The operator should
be aware of the condition of the drywell at that time.

Suppression pool temperature would be rising slowly
and steadily providing the operator with advanced
would only occur at least 4.5 hours into the accident.
Vessel pressure would be slowly and sieadily increasing,
thus providing the operator with advanced indication of
needed acton. This situation would occur no sooner
than 15 hours into the accident.

18D.7-22
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Table 19D.7-4
HUMAN ACTIONS MODELED IN THE ABWR SEISMIC MARGINS ANALYSIS

Name Description Probability Event Tree (Fig.) Basis
FA Oper. fals to imtiate firewater injection 1E-3 19131 Judgement
{RCIC operates for 8 hours)
FA Oper. fails 10 imtiate firewater inection 0.10 191.31 NUREG/CR 4772, Fig. 7-1
(RTIC fails 10 operate for 8 hours)
V2 Oper_ fails 1o mject with condensate 0.10 1913.2 HRA Sensitivity Anal
LPL Oper. fails 1o control W.L. in an ATWS 0.01 191.3-1 GESSAR, Table D.1.1-1

W1-EHR [The following material was deleted from the seismic margins analysis since the added containment vent is not subject 1o seismic failure |
Wi Oper. fails 1o align RHR 6E-5 191.3.2 GESSAR, p. 15D .3.465/1

For sequences wiih successful RPV injection, decay heat must be removed. Without normal AC power, normal heat removal with the mam condenser is not
possible. The RHR system operates on emergency power, and may survive the carthquake in operable condition. The operator has a long time--20 hours. 1o
align the RHR valves for shutdown or suppression pool cooling. This same action was modeled in the internal gvents analysis as RHRSPER . with a HEP
value of 6E-5 (taken from GESSAR, p. 15D.3-465/1). The same value was used in the seismic analysis.

In the HRA sensitivity analysis, RHRSPER did not show up as a very imporiant event. In the seismic analysis, W1 1s more importani duc to the mability 1o
use the main condenser. However, since there is a long time available to perform this action, and since RHR alignment is an action with which the operator
should be well trained and familiar, there should be no need for special provisions related 10 carthquake.”
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Rank

10.
1.

12,

Name

HOOBOPHL

Q

Q2

COND
HBMAER1

ROERROR4

CTGMANSW

RHRCFER

RPROOSCF
RFLOOTCF

HFELEBHX
ROOIOPHL

Table 19D.7-5

HUMAN ACTIONS IN THE TOP 300 CUTSETS (98.0% OF CDF)

Description

Failure to manually mitate HPCF
(Incl. hardwire backup for EMUX failure - HPCF B)

Fasiure o inject with feedwater
Failure to inject with fesdwater(T1S)
Fatlure W inject with condensate
Valve E22-FO0S5B closed (NOFC)

Oper. fails to attempt manual viv, op.
[ Backup for RCIC disch. viv. (FO13)]

CTG manual disconnect switch [left] open
(Following mainicnance on gas turbine gen.)

Oper fails to manually initiate
{Backup for RHR core flood A/B/C)

Sensor miscalibration
Sensor miscaiibration
Water level B sensors miscal. (4 div)

Oper. fails 1o imtiate within 30 minutes
(Backup for RCIC)

Assigned
Probability

0.10

0.05
0.43
0.10
0.01

0.10

3E3

0.10

SE-5
SE-S
2E-5

0.10

E.F.

5

10

10

10

lmportance
FV. (%) R.A.W,
16.0 244
125 128
109 114
1.90 117
1.73 2N
0.15 101
00K 1.28
0.06 1.01
0.05 1R
0.05 118
0.05 275
0.04 100

WuEjd PIEPUEIS
qndyv

¥ ATH
SY001SVET



L4 aupuIwY

Name
CALNOO2A

RHRSPER

HCMAERI
ROERROR3
ADSMAN
NHR

RWCU
RSTYCOPF
SLOCOOGSA

SLCOOTHE
SLCOOZHE

WOPERR

HUERORS
VOPERRF

ASECSNA

B e —

Table 19D.7-6

Description
Miscal. of flow xmtrs FTOORA, B & C

Oper. fails to manually imitiate
|SP cooling imtiation {within 20 hours))

Vaive E22-F005C mispositioned (NOFC)
Oper_ fails to manualiy open valve
Failure of ADS manual init. (backup)
Failure 1o restore normal heat removal

Failure to actuate RWCU

Operator fails to reset trip circait
(RCIC internal trips)

Boron concentration zampling failure
Operator fails 10 imuate S..C
Operator fails 1o initiate SLC tank heater

Oper. fails 10 perform indicated action
(Backup to RBCW imitiation)

Oper. fails to transfer from CST 10 SP
Operator fails to start pump
Operator fails to backup N2 initiation

*Below the cutset cutof! level (E-13)

ST Last

Assigned
Probability

SE-S

6E-5

0.01
001
2E-3

001

E.F,
10

10

10
10

HUMAN ACTIONS BELOW THE TOP 300 CUTSETS (20% OF CDF)

lmportance
F.V. (%) R.A.W,
0.15 318
0.4 408
0.05 1.06
<001 1.00
0.01 1.06
< 01 1.00
<01 1.00
<01 1.00
<01 1Lo?
< (31 1.00
< 1.00
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Name
UMAN

LPL

EHU6SC
EHUBI
EHURB2
EHUR3
EHUB4
EHUSIAD
EHUSIBD
EHUSICD
EHUSIDD

HFEOORCF
HPROOTCF
AHPTV6
RFEAISHX
REOSSMSC
RPR30OMC
RMOSSMSC
RPRIOIMC

ROERRORS
HBMAER2
HCMAER?
COO1AMOV
CONIBMOV
COOICMOV

Table 19D.7-6
HUMAN ACTIONS BELOW THE TOP 300 CUTSETS (2.0% OF CDF) (CONTINUED)

Description
Operator fasls to backup ARI initiation

Oper. fails 20 control W L, in an ATWS

Elecincal

Operator fails 1o transfer power
Operator fails to bypass
Operator fails to bypass
Operator fails to bypass
Operator fails 1o bypass

Oper. fails 10 xfer stdby charger 1o Div_ |
Oper. fails to xfer stdby charges to Div. 11
Oper, fails to xfer stdby charger to Div. I
Oper. fails 10 xfer sidby charger to Div. IV

Miscalibeai
Miscal. of flow xmitrs

Miscal. of pressure xmirs

Miscal. of pressure xmitrs

Miscal. of CST level seasors

Elec. overspeed sensor miscal

High turbine exh. press, xmitr. mrscal
Mech. overspeed sensor miscal

Low suction press. xmtr, miscal

Valve FO09 inzdvertently left open

Test valve E22-FOMOB inadvert. left open
Test valve E22-FO0OC inadvert. left open
Manual overnde fails imtiation signal
Manual overnde fails initation signal
Manual override fails inttiation signal

*Below the cutset cutoff level (E-13)

Assigned
Probability

010

0.01

1E-3
1E-3

E.F,

5

15

1
10
10
10
10
10
10
10
10

10
10
10
10
10
1o
10
10

A LA

10

10

Impertance
FV. (%) R.A.W,
- -
<01 106
< Of 1.06
* -
- -
- -
- -
- -
- -
- -
- -
001 1.45
0.01 345
- -
» -
<01 1.i1
<M 11l
<01 1.1
<01 111
- -
- +
- -
- -
- -
- -
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Name

HOOBOPHL

Q

COND
HBMAER|
9 M)
ROERROR4

CALNOD2A

CTGMANSW

RPROOSCF
RFLOOTCF
HFELEBHX

RHRSPER

HFEOORCF
HPROOTCF

Table 19D.7.7
CDF INCREASE WITH ABWR PRA HRAs MULTIPLIED BY 4 (INDIVIDUALLY)

Descrption

Failure to manually initiate HPCF
{Inci. hardwire backup for EMUX failure - HPCF B)

Failure 10 mject with feedwater
Failure 10 inject with condensate
Vaive E22-FO0SB closed (NOFC)
Failure t inject with feedwater (T1S)

Oper. fails to attempt manual viv. op.
[Backup for RCIC disch, viv. (F013)]

Miscal. of flow xmirs FTOORA, B, & C

CTG manual disconnect switch [left] open
(Following mamtenance on gas turbine gen.)

Sensor miscalibration
Water level 8 sensors miscal. (4 div))

Oper. fails to manually nitiate
{SP cooling mitiation (within 20 hours)|

Miscal. of flow xmtrs

Miscal. of pressure xmitrs

New Frob,

0.40

0.20
0.40
0.04
0.52

0.40

264

2E4

2E4
RE-S5

24E 4

SE-S

E.

5

i0

10
i0
10

i0

10

10

F.

CDF Increase (%)

479

173
539
498
228

0.41

0.41

021

0.16
0.16
0.15

0.06

0.04

0.04
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ABWR 234610045

Standard Plant REV A

Table 19D.7-8
ABWR PRA ACCIDENT SEQUENCES CONTAINING HUMAN INTERACTIONS

Initiating Event Sequence CDF
T™ Manual Shutdown 1.15E-8
T™M-05 S.02E-10
T™-06 1.10E-8
TT Unisolated Transient 6.83E-9
TTO3 3.44E-10
TT06 6.44E-9
TIS Isolated Transient 1.70E-8
TIS-06 1.61E-8
Tis-12 4 B4E-i)
TIO IORV 1.24E-9
TIO-04 1.54E-10
TIOOS 1.09E-9
TE2 LOSP <2 hrs 447E-9
TE206 4 45E-9
TE LOSP 2-8 hrs 2.8BE-9
TES06 2.85E-9
TEO LOSP >8 hrs 1.69E-9
TEO-0S 1.01E-9
TEO-06 S61E-10
TEO-10 S.10E-11
BE2 SBO <2 tirs 6.67E-8
BE202 6.67E-B
BEE SBO 2-8 hrs 2.57E-8
BEBLS 2.44E-8
$1 Medium LOCA 342E-10
S$1-04 142E-10
S2 Small LOCA 2.55E-10
$2-06 245E-10
SO Large LOCA 9.02E-11
SO-03 S02E-11
ATWS 2.70%-10
ATWS-11 1.39E-10

Amendment 7?7 19D.7-28



ABWR
Standard Plant

HEPs

COND
COND
COND

HOOBOPHL
HOOBOPHL
HOOBOPHL
HOOBOPHL
HOOBOPHL
HOOBOPHL
HOOBOPHL

HBMAERI]
HBMAER!

HBMAER ]
HBMAER]

ROERROR4
ROERROR4
ROERROR4

RPROCSCF
RFLOO7CF
HFELEBHX

Total

Amendment 77

23A6100AS
REV A

Table 19D.7-9

Sequence

TT-06
™-06
TIO0S
Towal

TIO-08

TEO-05
TEOL010
Total

206
TES-06
$O-03
S1-4
$2-06
Towal

TE206
TER-06
ATWS-11
Toual

BE2{2
BEB)S
Towal

BES05
BEB-0S

BE202

No. Of Cutsets
24
23
7
54

25

128

CDF

2.28E-9
387E9
292ZE-10
6 44E-9

5.70E-9

3.94E-10
1.44E-11
4.0BE-10

2.06E-10
2.90E-9
1.86E-9
1.24E-11
7.91E-11
1.42E-10
S.21E-9

2.90E-10
1.86E-10
1.00E-10
S.77E-10
1.66E-10
6.06E-11
2.26E-10
8.33E-11
B.33E-11
244E-11

1.88E-8
(12.0%)

ABWR PRA CUTSETS CONTAINING A SINGLE HUMAN INTERACTION

19D.7-29



ABWR

Standard Plant

HEPs

Q and COND
Q and COND
Q and COND
Q and COND

Q and HOOBOPHL
Q and HOOBOPHL
Q and HOOBOPHL
Q and HOOBOPHL

Q and HBMAER]
Q and HBMAER]
Q and HEMAER1
Q and HBMAER]
Q2 and COND
Q2 and HOOBOPHL
Q2 and HOOBOPHL
Q2 and HOOBOPHL
Q2 and HBMAER!

Total

Amendmens 77

23A6100A8
REV A

Table 19D.7-10
ABWR CUTSETS CONTAINING JUST TWO HUMAN INTERACTIONS

Sequence

™-05
TT0S
TIO-04
Total

™-05
TT06
TIO08
Total

T™-06
TT-06
TIO05
Total

TIS0S
TIS-06
TiS-12
Total

Tis-06

No. Of Cutsets

59

CDF

3.96E-10
1.65E-10
1.38E-11
5.75E-10

4 68E-9
6.78E-9
5.89E-10
1.20E-8

6.24E-10
3.66E-10
S.B9E-11
1.0SE-9

5.77E-10
9.13E9
1.37E-11
9.14E-9
6.85E-10

2.40E-8
(154%)

19D.7-30
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f - 092 T=00
C-098
. G- 0.02
E«03%
A=00
the0?
Ve0g
s E-os8s
. §=001
¢ Ao = 088
s C-09
S e Ce+01
Bo = 0.95 Bm =008
s Se-08
’ =08 Con* 0S8 D+08
3
k2
3
Bm=03 O * 07
s
¥y
LEGEND:
S = SUCCESS
£ = FAILURE
T = PROBABILITY TOOL ROOM ISSUES BAD CALIBRATION TOOL
G = PROBABILITY TOOL IS GROSSLY OUT OF CALIBRATION
W = PROBABILITY TOOL IS MODERATELY OUT OF CALIBRATION
ABCD = PROBABILITY THAT INSTRUMENT TECHNICIAN FAILS TO RECOGNIZE THE ERROR
IN THE CALIBRATION TOOL
™ = [SUBSCRIPT) INDICATES MODERATE MISCALIBRATION CASE
SOLUTION

PIF) = PIF, )+ P(F2) =T |[GMAm B Cmn Dm +GABCD]
« 0.01 [10.98)(0.2)10.5}(0.05)(0.5)(0.7) + {0.02)(0.11{0.01)(0.1}(0.51}
. 001 1718 % 1077 « 1 X 1078 » 0.01 x 1.796 x 1072
e 1.7%x107% (USE2X107%

FIGURE 19D.7-1

EVENT SEQUENCE USED TO DERIVE HUMAN ERROR PROBABILITY

DURING A CALIBRATION PROCEDURE

Amendment "
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Figure 19D.7.2
SENSITIVITY OF CMF TO PRE-ACCIDENT & DURING-ACCIDENT ERRORS.

RESULTE OF THE BNL HRA SENSITIVITY ANALYSIS.
Reference 5
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Amendmem *?

RESULTS OF THE ABWR SENSITIVITY ANALYSIS

Figure 19D.7.3

In Comparison 10 the Resuits of Reference §)

Overcil CDF sensitivity to HRA
1004 « -
i e e S8 A Murnan Achons
1L.OE-OS T e Ciass C Human Actons
]
]
.
5 | E-06 f
; s s e
' > s > P{ s = e ® e o
LOCEQ7 ¢ 8 oy D ————
1.00E-08 - S - ~
ERBEE N TN R
MRA Foctor
Factor COF CDF CDF
Class A Class C AlL
129 1.51EQ7 116807 1.18E07
1128 1.81EQ7 1. 16807 1.15607
1720 1.51E07 116807 1.18607
V18 1.81EQ7 116807 118607
1710 183E<7 116807 118807
e 1.54E07 118807 11TEST
Base 1.56E07 156E07 156607
§ 1.65E07 386807 413E7
10 16507 386807 £13E07
15 1.65EQ7 L. erd 413607
b o 188EQ7 486807 41307
o] 1.65E-07 AB&EDT 413607
b 165607 A B&EDT7 413807
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Standard Plant

Overali CDF sensitivity to HEPs
| LCIE-OA; =0 Ali Human Actons
i ~=O—— Class A Human Actions
1.@-05; o~ Class C Human Actions
ﬁlocz-oc;l
1.0&07"‘ e
1.00E-08 -+ - il
&S§£E§§°Eeesx
8
HEP Foctor

Factor CDF CDF CDF
Class A Class C ALL

1728 117E07
1728 11TEQ7
20-Jan 1.17E07
ns 11TEQ7
"o 11TEDQ7
15 1.18E-07
Base 1.56E07
£ TATEQT
10 E.64E-08
18 7 26E-08
2 9EPE-06
2 128608
29 1.82E08

Figure 19D.7-4

ABWR PRA CDF WITH ALL HEPs h(d:l_i'f‘l(.)'ll'llPLlED SIMULTANEOUSLY BY A
FA

Amendmen: *” 19D 7.34



