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March 31,1993 Docket 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 19I.1-1, reference is made to Section 19D.7.4. A draft of Section 19D.7 was sent to Bob
Palla (by Larry Frederick) on 12/16/92. Another copy is enclosed for your information.

Sincerely,

b
Jack Fox
Advanced Reactor Programs

cc: Jack Duncan (GE)
Norman Fletcher (DOE)
Bob Palla (NRC)
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19I.1 INTRODUCTION isolation resulting in a large release given the
earthquake and a resulting core damaging accident.

A seismic margins analysis has been conducted for
the ABWR using a modification of the Fragility Because of the inclusion of a rupture disk in the
Analysis method of Reference (1) to calculate high ABWR design as an ultimate means of containment
confidence low probability of failure (HCLPF) heat removal, and because an carthquake would not '

accelerations for important accident sequences and prevent rupture of the disk, failure of containment heat ;

accident classes. HCLPF values were calculated for removal is not modeled in the seismic margins '

components and structures using the relationship analysis. (There are no Class II sequences in the
,

analysis.) There are two valves in line with the rupture ,

HCLPF = A * cxp(-2.326* ,) disk; however, these valves are left in an open position,
and the carthquake would not cause these valves tom

'close. -
:

where: Am the median peak ground t=
'

acceleration corresponding to 50% -

There are several operator actions included in the
failure probability. seismic margins analysis. These operator actions a

the logarithmic standard deviation
~ discussed in Section 19D.7.4.

=
e

of the component or structure
fragility.

The resulting HCLPF acceleration corresponds
essentially to the 95th percent confidence level that at i

'

that acceleration the failure probability of a particular
structure or component is less than 0.05 (5%).
HCLPFs for accident sequences were evaluated through '

use of event trees, and seismic system analysis was ;

performed with fault trees to determine HCLPFs of ;

systems.

The seismic margins analysis evaluates the >

capability of the plant and equipment to withstand a ;

large earthquake (2*SSE). In this analysis, two
alternative methods were used to evaluate the seismic
accident sequences-a " convolution" method and a )
" min-max" method.

,

in the convolution method, accident saluences are
evaluated by combining input fragility curves according
to the Boolean expression for each sequence. Seismic
and random / human failure probabilities are calculated
and combined (convolved) for discrete intervals of *

ground acceleration, and then integrated over the range
of interest.

,

.,

in the min-max method, input fragilities are
)

combined by using the lowest (minimum) 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 failure probabilities are reported in
combination with HCLPFs for each accident sequence. '

,

Analysis of the cffects beyond core damage (Level
2 PRA analysis) was not a part of this seismic margins ;

analysis. However, event trees were constructed to
examine the possibility of loss of containment

,

|
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191.2 COMPONENT AND
STRUCTURE FRAGILITY - Au, c

l'

Component and structure fragility values have been
established for selected structures and components that
have been identified as potentially irnportant to the

'seismic margins analysis. 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 !

generic components used in operating plants having :

SSEs of 0.15-0.2 g. These component fragilities are '

conservative for a plant designed and built to an SSE of ,

0.3 g. For more information regarding the development
of these fragilities and capacities, refer to Appendix
19H.
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Table 19I.2-1
ABWR SYSTEMS AND COMPONENTS / STRUCTURES FRAGILITIES

SYSTEM /COM PONENT MED CP LOG STD IICLPF*
(AE) 6) (in R)

1. Plant Ess. Structures (SI)
- Reactor Building 3.2 .45 1.12
- Containment 3.1 44 1.11
- RPV Pedestal 5.0 .44 1.80
- Control Building 4.1 .44 1.47
- Reactor Pressure Vessel Support 5.0 .33 2.32

2. Support Systems (PW)

a. AC Power (ACP)
- Diesel Generator 1.8 .46 .62
-Transformer (480V AC) 1.8 .46 .62
- Motor Control Center 1.8 .46 .62
- Cable Tray 3.0 .60 .74
- Circuit Breaker 2.0 .50 .63
- Invener 2.2 .46 .75

b. Service Water (SW)
- Pump (Motor Driven) 1.8 46 .62
- Heat Exchanger 2.0 45 .70
- Valve (Motor Operated) 3.0 .60 .74
- Check Valve 3.0 .60 .74
- Room Air Cond. Unit 2.0 .50 .63
- Piping 3.0 .60 .74
- SW Pump House 1.7 ,45 .60
- AC Ducting 3.0 .60 .74

c. DC Power (DCP)
- Batteries ASD 3.3 .46 1.13
- Charger 2.2 46 .75
- Cable Tray 3.0 .60 .74

3. Ifigh-Press Core Flooder (011)
- Pump (Motor Driven) 1.8 46 .62
-Injection Valve (Motor Op) 3.0 .60 .74
- HPCF Piping 3.0 .60 .74
- Check Valve 3.0 .60 .74

4. Reactor Core Is. Cooling (UR)
- Pump (Turbine Driven) 2.0 .45 .70
- Steam Sup. Valve (MO) 3.0 .60 .74
- Discharge Valve (MO) 3.0 .60 .74

- Min Flow Valve (MO) 3.0 .60 .74
- Check Valve 3.0 .60 .74
- RCIC Piping 3.0 .60 .74

* llCLPF = A * exp(-2.326* ,)m

Amendment 1 91.2-2
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Table 19I.2-1
ABWR SYSTEMS AND COMPONENTS / STRUCTURES FRAGILITIES (CONT.) i

SYSTEht/ COMPONENT MED CP LOG STD flCLPF* .

( A d) ([fr) (in g) |

S . Low-Press Core Flooder (VI)
- Pump (Motor Driven) 1.8 46 .62
- Check Valve 3.0 .60 .74
-Injection Valve (MO) 3.0 60 .74
- Discharge Valve (MO) 3.0 .60 .74 ,

- LICF Piping 3.0 .60 .74

6. RilR IIcal Exchanger (llX)
-1leat Exchanger 2.0 .45 .70

7. Reactivity Control Sys. (C)
-Fuel Assemblies 1.4 .35 .62
- CRD Guide Tube 1.8 .36 .78
- CRD Horsing 3.5 .46 1.20
- Shroud Support 2.0 .36 .87
- Hydraulic Control Unit 2.0 .50 .63

8. SRVs Close (PC, PC1)
- Safety Relief Valve 3.0 .60 .74

9. Depressurization (X)
- Safety Relief Valve 3.0 .60 .74

10. Leici & Press. Control (LPL)
- Safety Relief Valve 3.0 .60 .74

11. Inhibit ADS (PA)
- Safety Relief Valve 3.0 .60 .74

12. Standby Liq. Cont. Sys. (C4)
- SLC Tank 1.8 46 .62
- SLC Pump 1.8 46 .62
- Valve (Motor Operated) 3.0 .60 .74
- SLC Piping 3.0 .60 .74

13. Condensate Injection (V2)
'

- Pump (Motor Driven) 1.8 .46 .62
-Injection Valve (MO) 3.0 .60 .74 ;

- Piping 3.0 .60 .74

14. Firenater System (FW)
- FW Tank 2. i ' * .45 .79

'

'

- Pump (Diesel Driven) 1.8 46 .62
-Injection Valve (Manual) 3.6 .60 .89 - :

- FW Piping 3.0 .60 .74
- Valve (Manual) 3.6 .60 .89

,

HCLPF= A,*exp(-2.326' c) |
*

, Firewater tank may be designed and built to a lower capacity if provision is made for a
pumper truck and hose to go to an alternate water supply.

!

.
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19I.3 EVENT TREE ANALYSIS ne firew ater system has diesel driven pumps and
all needed vakes can be accessed and opemted manually.

ne event trecs used in the ABWR Level I seismic No support systems are required for firewater opemtion.

margins analysis are shown on Figures 191.3-1 through The firewater pump is housed in an external building
191.3-3. The individual paths through the event trees (shed), whose collapse would not prevent the pump
represent the accident sequences which are input to the from starting and running. The failure probability of
IICLPF analysis. There is essentially only one seismic firewater is dominated by operator failure to initiate the

event tree, but it is presented on three figures system. For the upper branch, where RCIC is
representing transfers from Figure 191.3-1 to Figures successful, the operator has 8 hours before the station

191.3-2 and 191.3-3. batteries expire and RCIC trips. The human error
probability (HEP) for this case is IE-3. For the lower i

The event trees show the random failure branch, where RCIC fails, the operator has only 30
'

probabilities and HCLPFs for each top event. Human minutes in which to depressurize the reactor and initiate

error probabilities are included in the random failure firewater injection. For this case, the HEP is 0.1. In

probabilities. the event that the firewater diesel fails to start, the
operator could make use of a fire truck, but this was
not modeled.191.3.1 Support State Event Tree

e H heat exchanger fails (node HX) due to
The seismic event tree of Figure 191.3-1 starts tk e@uah, n is presumed that the failure could

with the spectrum of seismic events, considers whether inc ude a pipe break that could partially dram the
or not there is a structural failure (node SI), whether or

*"EEI#** "E " " E"*E# "' """
,

not offsite power is lost (node LOP) and continues product scrubbing would still be effective preventing a
from there. Because of the ground rules of the analysis ,

arge rek'ase. nese sequences are identified with a P
and the relative values of scismic fragihties, loss of

E''structural integrity results in core damage, and survival ;

of offsite power results in successful event termination.
.

Thus, all rernaining accident sequences on Figure 191.3-
)I are for cases of no structural failure, but always with

loss of ofTsite power.

The success or failure of emergency AC power ,

and/or service water (node APW), and the emergency
DC power (station batteries) (node DP) are taken into
consideration in Figure 191.31 to account for support
system dependencies. Failure of all DC power results in
a high-pressure core melt since all control is lost, the
high-pressure systems fail, and the reactor cannot be I

depressurized. The condition of successful emergency i
AC and DC power and successful scram is indicated by ,

the ET transfer and is described in detail in Figure
191.3-2. The condition of successful emergency AC and
DC power, but with Iailure to scram is indicated by the
A'nVS 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 !

batteries) and failure to scram (node C). Failure to
scram is considered as a Class IV core melt. With
successful DC power and scram, RCIC (node UR) and

'

firewater (node FA) are the only available means of
water injection into the RPV since all AC power is
lost. Since station batteries will eventually discharge
resuhmg in loss of RCIC, or if RCIC fails, the reactor
must then be depressurimd (node X) to allow firewater
injection.

Amer.rment t 913.t
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191.3.2 LOSP with Emergency Power
and Scram Event Tree

In the event tree of Figure 191.3-2 (ET transfer),
there are two similar divisions depending on w hether or
mot there is a stuck-open relief valve (node PC). If there
is a stuck-open valve, the reactor will eventually
depressurize causing loss of RCIC steam supply. The
probability of having a stuck-open valve is 2E-3, based
on operating experience. If both high-pressure injection
systems fail, the reactor must be depressurized rapidly
for low-pressure system use (LPFL -VI, or condensate
injection -V2) In ABWR, condensate pumps can be
transferred to the emergency bus by the operator. The
HEP for this action is 0.1.

Amendment 1 91.3-2
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191.3.3 ATWS Event Tree

Figure 191.3-3 (ATWS transfer) represents failure
to scrarn, and requires standby liquid control (automatic)
and operator action to control reactor water level with
the injection system (s) that are available. The HEP for
this action is 0.01. In this ATWS analysis, if high-
pressure systems fail, core damage results. No credit is
given to low-pressure injection. For an ATWS, the
probability of a stuck-open SRV was conservatively
increased to 0.1, on the basis of increased SRV
activity.

Amendment 1913-3
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191.4 SYSTEM ANALYSIS of-service-water fauh tree is snown on Figure 191.4-9.
The more fragile components in this system are the

The fault trees used in the seismic system analysis service water pump, heat eschanger, and room air ,

are shown on Figures 191A-1 through 191A-12. The conditioning unit. The service water pump house, with
seismic system analysis calculates the probability of a HCLPF of 0.60, is also included in this fauh tree.

,

seismic failure of each of the important systems
throughout the seismic ground acceleration spectrum. Structure failures that could contribute to seismic .

The system seismic failure probabilities are then input core damage are shown on Figure 191.4-6. In this j

to the event trees and combined with random system analysis, any one or more of these structural failures are
!

p failure probabilities and human errors. The seismicq conservatively presumed to result in core damage. The
fault trees contain only those components that might structures having the lowest seismic capacity are the ;

be subject to scismic failure. Random system failure reactor building and control buildmg.
probabilities are taken from the intemal events analysis
and include all other components. One of the imporiant' The remairdcr of the Iauh trees are for core cooling
ground rules of the seismic margins analysis is that all and containment cooling (Figures 191.4-1 through ;

like components in a system always fail together. 191A-5). The more fragile components in these ,

*systems are the pumps, heat eschangers, and the
The reactor protection system, control rod drive firewater supply tank. The condensate storage tank ;

system, and attemate rod insertion system were not (CST) is not modeled since the ECCS systems that
modeled since the failure of control rods to insert is tale suction from the CST have automatic switchover !

dominated by the relatively low seismic fragility of the to the suppression pool if CST level is low. Valves for
fuel assembhes, control rod guide tubes, and housings. the switchover are included in the fault trees.
A seismic fault tree for reactivity control is shown on (
Figure 191.4-10. The fuel assemblies are the most Because of the importance of RCIC in station

,

; fragile component, blackout sequences, differences between the seismic
RCIC fault tree and the internal events fault tree are

A scismic fauh tree for the standby liquid control explained below;
system is shown on Figure 191A-ll. Failure of the
standby liquid control system is dominated by failure of (1) The internal events fault tree contains basic events -

two components: the pump and boron supply tank. that would not be affected by an carthquake, e.g.,
test and maintenance unavailability. These events

Since the most fraple essential component in the contribute to the random failure probability during
plant is the ceramic insulator in the switchyard, the the scismic event and are included in the random
loss of offsite power dominates the analysis and the failure part of the seismic analysis. They are,

availability of emergency power becomes very deleted from the RCIC seismic fault tree. .

!important. The loss-of-power fauh tree (Figure 19] A-7),

is for emergency AC power. In the loss of emergency (2) The intemal events fault tree contains common-
'

AC power fault tree, the more fragile components are cause failure events. These are deleted from the ;

the diesel generator , transformers, motor control RCIC seismic fauh tree since a basic rule of the ;

centers, inverter and relay switch. The DC power fault scismic analysis is that all like components
tree (Figure 191A-8) has two branches: with and within a system fail together.

'

without availability of AC power. For the branch with
,

AC power, the batteries guld charger must fail. (3) The intemal events RCIC fault tree contains ;

separate events for the turbine and for the pump. ;

Systems and equipment which require offsite The scismic fault tree uses a combined event, i

power, such as the feedwater system, are not modeled " turbine-driven pump", since that is the assembly
since offsite power is presumed to be not available for for w hich there is a seismic capacity. ,

the core damage sequences. The mndensate injection '

system is modeled on Figure 191A-12 since credit is
given to the operator for transferring condensate to an

,

emergency bus (see Figure 191.3-2.) The human enor -;
probability (0.01) is much greater than the seismically |
induced equipment failure probability, therefore, this !

fault tree has negligible impact on the HCLPF value of '

the correspondmg accident sequences.

I
Essential service water is as important as '

emergency power, and its loss would have much the
same effect as the loss of emergency power. The loss- ,

Amendment 1914-1
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191.5 ACCIDENT SEQUENCE fragility distribution of a system. Fe(g), is the OR
IICLPF ANALYSIS 1 gic c mbinadon of the cumulative seismic fragility ;

distribution, Fs(g), and the cumulative random / human
i

f ilur distribution, Fr as follows:Seismic fragility of a structure or component is
defined as the conditional probability of its failure as a
function of peak ground acceleration. The probability F,(g) = I - {l- F,(g}}+ (1 - F,)
model adopted for each component fragility is the log-
normai distribution. The density function for the Similarly, the distribution for each accident |
component fragility, f(g), can be wntten sequence is derived from the combined system fragility

functions by using the Boolean expression obtained
,

f(g)= fli. , gexpf-1/2[In(g/A )/ ,)forg)0 fr m the seismic accident sequence event trees. The '

m
s fifth and fiftieth percentiles of the combmed cumulative

distribution of each accHent sequence are used to obtain
4

the A and B for the corregonding sequence. Then,median capacity of the component,where: A =
the HDLPF of each accident sequence is obtamed by

,m
;

logarithmic standard deviation of using the formula presented in the Introduction section
'

=
s f H ws:'

the fragility function,

peak ground acceleration. HCLPF = A + exp(-2.326+ pc)g = m

The cumulative distribution of the component where the parameters A and are the median capacity
fragility, F(g), will then be and logarithmic standa*rd dev[ation of the lognormal

'

distribution of the accident sequence.
s

F(g)= expf-1/2[In(gj/A,,)/ ,) dg37g

19I.5.1 Convolution Analysis

If a system, S, (or sequence) contains 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
is one minus the product of their complementary
cumulative fragility distributions :

F (g)= I-(1-F (g))*(1-F (g))3 3 3

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

F (g)= F (g)*F (g)3 i 3
i

Using the two principles above, the distribution
function of each system fragility is obtained by
combining its component fragility functions based on
its Boolean expression derived from the system fault
tree.

Then the OR logic methodology is used to ,

convolve the seismic and random / human failure
probability of the systems. The combined cumulative

P
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191.5.2 Min-Max Analysis

If a system, S, (or sequence) contains two
components (A,B) operating in OR logic, the failure of
any component will fail the system (S = A + B), and
the cumulative fragility distribution of the system is
governed by the fragility distribution of the weakest
component. This principle is applied to the system
fault trees, which generally are made up of OR gates.

If :wo ekments operate in AND logic, only the
failure of both romponents will fail the system

'
(S = A * B), and the cumdauve fragility distribution
of the system is govemed by the fragility distribution
of the strongest component. This principle is applied to i

accident sequences, which are composed of ANDed
elements.

IRandom / human failure probabilities greater than
1.0E-3 are combined with HCLPs for elements in an
accident sequence as follows:

(HCLPFI + RHP1)*(HCLPF2 + RHP2) =

HCLPF1* HCLPF2,

HCLPFl* RHP2, I

HCLPF2+ RHPI,

RHPl* RHP2,

where: HCLPF1 the HCLPF of one event,=
t

the random / human failureRHP1 =

probability of that event,
,

HCLPF2 the HCLPF of a second=

event, and

RHP2 the random / human failure=

probability of the second
event.

The resulting combinations are reduccd according to
min-max rules.

i
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19I.6 RESULTS OF TIIE ANALYSES

The results 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 trees and the table, the HCLPF values for all
accident sequences are greater than 0.60g, which is
twice the safe shutdown carthquale (SSE = 030g). The
results of the convolution analysis in terrns of accident
classes are shown in Table 191.6-2.

The HCLPF value of accident sequences obtained
from the min-max analyris are printed on the event
trees next to the column of accident classes. The
combination of HCLPF and random failure
probabilities of accident sequences are described in
Table 191.6-3. As can be seen, no accident sequence has
a HCLPF lower than 0.60g.

.
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Table 191.6-1 [
SEISMIC MARGINS FOR AllWR ACCIDENT SEQUENCES '

(CONVOLUTION METIIOD)

Accident With Random Failure Without Random Failure
Sequence llCLPF MED CAP LOG STD llCLPF MED CAP LOG STD
Number * (in g) (A[n) (Oc) (in g) (Am) de)

~

1 1.13 3.30 0.46 1.13 3.30 0.46
2 1.46 3.52 0.38 1.46 3.52 0.38
3 0.72 1.40 0.29 0.72 1.40 0.29
4 0.99 2.13 .33 0.99 2.13 0.33
5 0.79 3.00 0.57 0.79 3.00 0.57
6 1.21 3.34 0.44 1.21 3.34 0.44
7 0.83 1.58 0.28 0.89 1.62 0.26
8 1.09 2.17 0.30 1.12 2.18 0.29 '

9 0.97 3.01 0.49 0.98 3.01 0.48
10 1.29 3.34 0.41 1.29 3.34 0.41
11 0.72 1.21 0.23 0.72 1.21 0.23 r

12 0.93 2.01 0.33 0.93 2.01 0.33
13 1.14 3.30 0.46 1.14 3.30 0.46
14 1.46 3.52 0.38 1.46 3.52 0.38
15 1.02 2.30 0.35 1.02 2.30 0.35
16 1.33 2.65 0.30 1.33 2.65 0.30
17 1.12 1.97 0.24 1.15 2.00 0.24 ,

18 1.13 3D4 0.43 1.14 3.04 0.42
19 1.28 3.10 0.38 1.30 3.11 0.37

720 1.46 4.16 0.45 1.46 4.16 0.45
21 0.96 1.68 0.24 0.97 1.69 0.24
22 0.89 3.00 0.52 0.90 3.00 0.52
23 0.95 2.82 0.47 1.08 3.04 0.44
24 1.26 4.05 0.50 1.39- 4.16 0.47
25 0.87 2.98 0.53 0.90 3.00 0.52
26 0.80 1.44 0.25 0.80 1.44 0.25
27 0.96 1.69 0.24 0.97 1.69 0.24

* See event tree
.
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Table 191.6-2
SEISMIC MARGINS FOR ABWR ACCIDENT CLASSES

(CONVOLUTION METIIOD)
'

With Random Failure Without Random Failure
Accident IICLPF MED CAP LOG STD llCLPF MED CAP LOG STD

~ ~ ~

Class (in g) (Am) (0c) (in g) (Am) (Oc)

1A 0.83 1.76 0.32 0.85 1.76 0.31

IB2 0.71 1.40 0.29 0.72 1.40 0.29

IC 0.90 1.44 0.20 0.92 1.46 0.20

ID 0.83 1.49 0.25 0.90 1.52 0.22

IE 1.02 2.30 0.35 1.02 2.30 0.35

IV 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 19I.6-3
IICLPF DERIVATION FOR TIIE ABWR ACCIDENT SEQUENCES

(MIN-MAX METIIOD)

Sequenw I : DP -+ 1.13g -+
1.13g

Sequence 2 : DP*HX -+ 1.13g*0.7g --+ ,

.1.13 g

Sequence 3 : APW*FA -> (0.60g+1.6E-3)*(0.62g+1.0E-3) ->
; 0.62c. 0.60c*1.0E-3 '

Sequence 4 : HX* APW*FA -+ 0.70g*(0.60g+1.6E-3)*(0.62g+1.0E-3) -+
0.70g

i

Sequence 5 : X* APW --+ 0.74g*(0.60g+1.6E-3) -+
0.74g

Sequence 6 : HX* X* APW --+ 0,70g*0.74g*(0.60g+ 1.6E-3) -+
: 0.74g

Sequence 7 : FA* UR* APW -+ (0.62g+ 1.0E-1)*(0.70g+6.0E-2)*(0.60g+ 1.6E-3) -+
: 0.70c . 0.62c'6.0E-2. 0.60c'6.0E-3 s

Sequence 8 : HX*FA*UR* APW -+
: 0.70g*(0.62g+1.0E-1)*(0.70g+b.0E-2)*(0.60g+1.6E-3) -+
- 0.70g

,

Sequence 9 : X*UR*APW -+ 0.74g*(0.74g+6.0E-2)*(0.60g+1.6E-3) -+
0.74g

Sequence 10 : HX*X*UR*APW -+ 0.70g*0.74g*(0.74g+6.0E-2)*(0.60g+1.6E-3) -+
. 0.74 g

Sequence 11 : C* APW --+ 0.62g*(0.60g+1.6E-3) -4
:0.62g

Sequence 12 : HX*C*APW -> 0.70g*0.62g*(0.60g+1.6E-3) -+
0.70g

Sequence 13 : DP* APW -4 1.13g*(0.60g+1.6E-3) ->
- 1.13g

Amendment 19.6-4
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Table 191.6-3
IICLPF DERIVATION FOR TIIE ABWR ACCIDENT SEQUENCES

(MIN-MAX METHOD)- ;

(CONTINUED)

Sequence 14 : HX* DP* APW -+ 0.70g* 1.13g*(Ofog+ 1.6E-3) --+
1

1.13g

Sequence 15 : S1 --+
- 1.11 g

Sequence 16 : HX*S1 -+ 0.70g*1.11g -+
1.11g

Sequence 17 : V2*V1'UH*UR -+ '

: (0.62g+ 1.0E- 1)* 0.62g*(0.62g+2.7E-3)*(0.70g+6.0E-2) -+
: 0.70c . 0.62c'6.0E-2

i

Sequence 18 : X*UH*UR -+ 0.74g*(0.62g+2.7E-3)*(0.70g+6.0E-2) -+
: 0,74g

Sequence 19 : V2*V1'UH*PC -+
: (0.62g+1.0E-1)*0.62g*(0.62g+2.7E-3)*(0.74g+2.0E-3) --+
: 0.74c . 0.62c*2.0E-3

Sequence 20 : X*UH*PC -+ 0.74g*(0.62g+2.7E-3)*(0.74g+2.0E-3) -+
0.74g

Sequence 21: UR*UH'C -+ (0.70g+6.0E-2)*(0.62g+2.7E-3)*0.62g -*
: 0.70c . 0 62c'6.0E-2

Sequence 22 : PA*C -+ (0.74g+2.4E-3)*0.62g -+
: 0.74c . 0.62c'2.4E-3

Sequence 23 : UH'PCl*C -+ (0.62g+2.7E-3)*(0.74g+1.0E-1)*0.62g -+
: 0.74c . 0.62c*1.0E-1

Sequence 24 : PA*PCl*C -+ (0.74g+2.4E-3)*(0.74g+1.0E-1)*0.62g --+
0.74g

'

Sequence 25 : LPL*C -+ (0.74g+1.0E-2)*0.62g -+
: 0.74e . 0.62c'1.0E-2

Sequence 26 : C4*C -* (0.62g+1.4E-2)*0.62g -+
0.62g

Sequence 27 : UH*C4*C -> (0.62g+2.7E- 3)*(0.62g+1.4E-2)*0.62g --+
: 0.62 g

|
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fdctermine whether they remain valid in regard to~19L7 CONTAINMENT ISOLATION
seismic events. All but one of the reasons are based onAND BYPASS ANALYSIS
configuration details that would not be affected ty an

In the scismic margins analysis there were no e nhquake. RHR we}well and drywell spray lino were
cutsets leading to core damage with HCLPF values excluded on the basis that the pipes are des ,ned for

lower than 0.6g. A supplemental analysis was higher miemal pressures than will be see ; in actual

conducted to evaluate the HCLPF values for P"""U".and would thus have a very low probability
containment isolation for events that could cause f breakmg. In this case, the scismic event could

containment bypass as a result of an canhquake, with increase the probability of a break m these lines.
potential for large releases to the environment. Howevu, these pipes have very high seismic capacity

(3.0g) with very low probability of breaking due to a
,

Based on the results of the bypass analysis { seismic event. -

discussed in Subsection 19E.2.3.3 and shown on] ,, g g
Ficure 19E.2-19, the events selected for evaluation mj
this analysis are: events. These event trees are shown on Figures 191.7-1

through 191.7-10. All event trees start with the

,.- (1 ) Main steam lines (see Figure 19E.2-19A). ] canhquake as the initiating event followed by a core-
damaging accident. If there is no core damage there is

,

no large release. The llCLPF and random failure
(2) Feedwater or SLC injection lines (see Figure probability are shown for each branch point, and the

19E.2-198), sequence HCLPFs using convolut.on and min-max
methods are also shown on the figmes.

(3) Reactor instrument, RWCU instrument, LDS Figure 191.7-1 is for suppression pool bypass via
mstrument/ sample or containment atmosphere main steam lines. Following the carthquake and
monitoring lines (see Figures 19E.2-19D,19E.2- accident, the question is asked w hether or not there is a
19E, and 19E.2-19F, respectively), break in a main steam line outside containment. If there ,

is a break, the question is asked whether or not at least
(4) RCIC steam supply or RWCU suction lines (see one MSIV in each steam line closes to isolate the

Figure 19E.2-19E), break. For the case where there is no break, there could
still be a bypass release to the main condenser if a

(5) Post accident sampling lines (see Figure 19E.2- turbine bypass valve is open - unless the MSIVs are
19J), closed to isolate the break. The two bypass sequences

for this event both have min-max HCLPF capacities of
(6) Drywell sump drain line (see Figure 19E.2-193), 0.74g.

(7) SRV discharge lines (see Figure 19E.2-19K), Figure 191.7-2 is an event tree for bypass via
feedwater or standby liquid control lines. These lines

(8) ECCS lines (see Figure 19E.2-19C), inject into the RPV and are protected from reverse flow
by redundant check valves. These check valves provide

(9) Drywell inerting/ purge lines (see Figure 19E.2- isolation of upstream breaks provided that one of the
191), valves closes in the line with the break. The two

bypass sequences for this event also have min-max ;

(10) Wetwell/drywell vacuum breaker lines (see Figure HCLPF capacities of 0.74g.

19E.2-19G).
,-

,

Figure 191.7-3 is for bypass via reactor instrument,

The bypass paths for atmospheric control system ? RWCU instrument, LDS instrument, LDS sample or&
,

crosstic lines (Figure 19E.2-19H) require inadvertent contamment atmosphere monitoring lines. These hnes

opening of two normally closed motor operated valves. are also protected by check valves, a single valve in

Since the scismic analysis does not consider a fail-open each line. The bypass sequence for this case also has a

mode for normally closed vah es, these bypass paths are min-max HCLPF of 0.74g.

not included in the analysis. "

Figure 191.7-4 is for bypass via cither the RCIC"

In the bypass analysis of Subsection 19E.2.3.3,~ steam supply line or the RWCU suction line. Both of-

several potential bypass pathways were excluded from these lines are protected by motor operated isolation
octailed analysis on the basis of various reasons. The valves which require power. Since offsite power is lost |
reasons are discussed in Subsection 19E.2.3.3.2 and due to the canhquake, emergency power is required. The

l Table 19E.2.-1. These reasons were revicwed to two bypass sequences for this event both have inin-max
' J HCLPFs of 0.74g.

Amendmen: 19].7 1
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Figure 191.7-5 is for bypass via the post accident
sampling lines. These lines are also isolated by motor
operated valves. The bypass sequences for this event
also have min-max HCLPFs of 0.74g.

Figure 191.7-6 is for bypass via the drywell sump -!
drain line. This line is protected 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 is a break in an SRV discharge line i

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 resulting HCLPF capacity for this sequence is the
~

capacity of the SRV discharge line (0.74g).

Figure 191.7-8 is for bypasr via any of the ECCS
lines. The lines of concern are the HPCF and LPFL
warm-up and discharge lines. 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
inerting/ 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.

Figure 191.7-10 is for bypass via wetwell/drywell
vacuum breaker lines. It requires an inadvertent opening
of a vacuum breater (check valve) to initiate a bypass
during a severe accident. The bypass sequence for this ,

case also has a HCLPF of 0.74g.

All sequences for all events in the bypass analysis
have min-max HCLPF capacities of 0.74g which is
significantly larger than Ofog (two times SSE) and
therefore, no further analysis is needed. (The reason that
all bypass sequences have the same HCLPF value
(0-.74g) is that the failures are always either pipe or
valve failures, both of which have the same seismic
capacity (3.0g).

i

,
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19D.7 HUMAN ERROR value. The first five actions on the list are the most
PREDICTION imponant to the Level I analysis because of their effect i

on core damage frequency. These five actions are :

ABWR human reliability analyses were performed discussed in the sensitivity analysis (Section 19D.7.7), !
by GE personnel. The GE reliability engineering staff including identification of needed provisions in the

P ant design and procedures related to these operatorlhas extensive and diverse experience gained through the i

performance of many significant PRA/PSA programs, accons. ;

These have included three major PRAs that have
. i

received regulatory agency review and approval: The sixth action on the list (LPL - control of water |
BWR/6. GESSAR II, Limerick, and Alto Lazio. level in an ATWS), although not a significant . f

Performance of human error analyses was an integral contributor to CDF (because of thc low probability of ~!
part of each of these activities. ATWS), would be very important given an ATWS. I

Because of- this, it is important that the same
An important outcome of these efforts and provisions be made related to this action, as are required $

accumulated experience is the recognition that basic for the first five actions, namely: ;

knowledge of BWR plant design, plant procedures, and i
accident analysis is a key factor in realistically (1) The operator must have a clear unambiguous !

addressing human reliability analysis.
'

indication of the conditions requiring the action. !

This GE overall BWR knowledge base and direct (2) The operator must have ' the capability of
access to ABWR design engineers and design performing the necessary action from the main
documentation, in combination with prior BWR human control room in a simple straightforward manner. i
reliability experience, provided the basis for the j
reliability engineering staff to realistically address (3) The operator must have clear written operating i
human reliability factors in the ABWR PRA analyses. procedures regarding the action to be taken.

!

Results of previous HRAs, which are based upon (4) The operator must have thorough training in the j
conventional BWR man-machine interface designs, conditions requiring the action. -

were used to provide the human reliability assumptions i
needed for the ABWR PRA. He previous HRA resuhs In gereral, human errors of both omission and I

are considered to be conservative for the ABWR because commission are expected to be minimized by operator !
of the significant improvements in the ABWR man- training and symptom-oriented emergency procedures. ?
machine interface design relative to the earlier designs. In addition, in most cases, substantial opportunity |

exists for peer and supervisory intervention within the - !
i 19 D.7.1 HEPs in the Level 1 PRA response times available during accident sequences,: i

prior to core damage or loss of contamment integrity. '

HEPs used in the Level 1 analysis are presented in .

'

the applicable component failure rate data tables which incorporation of human actions in fault and event !; .

accompany each system fault tree presented in Section trees is relatively straightforward where single overt
19D.6, as well as the tables which document branch actions are required to initiate or inhibit system

n point values for each accident sequence event tree in functions. This type of application was predominant in ';
Section 19D.4. Many of these HEPs were taken from the treatment of human error in the ABWR PRA.
the GESSAR !! PRA (Reference 1) for which they were Exceptions included the use of screening values based !
collected from various other sources, and modified as on successful performance of an estimated number of '
appropriate, for the GESSAR application. Many of required operations, and the detailed modeling of
these values were derived (directly or indirectly) from instrument miscalibration. j"

. the Swain and Guttman Handbook of Human
Reliability (Reference 2). More recent studies suggest The calibration of sensors was identified in' ,

that these values may be somewhat conservative. Reir WASH-1400 (Reference 3), the Handbook of Human #

application to the ABWR PRA analyses isjudged to be Reliability, GESSAR, and other PRAs as being a i
'

acceptable. dominant failure mode for a!! sensors or instrument
systems that are required to initiate typical ECCS !

Level I HEPs also are summarized in Table functions. The most probable scenario for common .!
19D.7-1, giving the computer designation, the failure mode miscalibration of sensors was identified as that in !

probability, identification of the fault tree in which the which a miscalibrated standard is used, the instrument '

HEP appears, and a reference for derivation of the HEP technician fails to recognize the error in the calibration

!

:
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tool, and consequently all sensors measuring that
particular parameter are miscalibrated.

The model used to evaluate the above sequence of
events in the ABWR PRA is illustrated in Figure
19D.7-1, and includes the assumptions made regarding
individual probabilities. This model was initially
developed for the GESSAR PRA and is judged
applicable to the ABWR analysis. The resulting failure
probability for miscalibration of four sensors
measuring a single parameter is approximately 2.0E-
05. This value was used in the instrumentation system
fault trees as appropriate (HFELEBHX, AHPT006,
RFE635HX). In cases where one set of sensors is used
as initiator or permissive for more than one ECCS
system, such commonalities are accounted for in
functional fault tree evaluations.

The model of Figure 19D.7-1 was also used to
derive the value for the probability of miscalibrating a

.

t

single sensor (5.0E-5) as applied to the following
HEPs:

RPR005CF
RFLOO7CF
CALN002A
HFE008CF
HPR007CF
REOSSMSC !

RPR309MC
RMOSSMSC
RPR303MC

Although miscalibration of sensors is not a
significant contributor to CDF (partly because of the
low ass:ssed probability), it is an important
maintenance action requiring special care.

A maintenance procedure must be established
requiring that w henever a sensor is found to be out-of
tolerance, before the sensor is recalibrated, the
calibration instrument is first checked or an alternate
instrument is used to confirm the condition.

,

)

i

Amendment 77 19D.7 2

1



<

ABWR 23xeinois
Standard Plant EA

19D.7.2 HEPs in the ABWR For all remaining operator actions (HTF, ARC, ;
Containment Event Trees and RCH), various condinons would exist, as shown in

the table; but in all cases, the accident sequence would

The human errors used in the ABWR PRA be well into the final stages following core melt. The

containment event trees (CETs) are listed in Table operator would have at least 5 hours available, would
19D.7-2. Most of these HEPs are conservauve values be very alert and aware of the situation, and presumably
assigned by engineerinc judgement with guidance from would have adequate assistance. None of these operator
various HRA reports and analyses. The use of these actions have a significant effect on calculated risk.

HEPs in the CETs dictates their relative importance to
the PRA, and the importance of the operator 3ction
during the hypothesized severe accident.

The most important operator action is OP - the
depressurization of the reactor. This accon provides the
opportunity to recover low-pressure injection systems
and prevent or arrest core melt in some sequences. For
sequences where core melt cannot be prevented,
depressurization provides more benign melt conditions
at low reactor pressure. Because of the imponance of
this action, realistic values (as opposed to conservative
estimates) 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.3-422) and from an operator time-

,

reliability curve. '

The manual depressurization action requires the
following: '

(1) The operator must have a clear unambiguous
indication of the conditions 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 uninhabitable.

(3) The operator must have clear written operating
procedures regardmg depressurization under these
conditions.

(4) The operator must have thorough simulator
'training in the conditions requiring manual

depressurization.

ARV - operator initiation of firewater injection
into the depressurized RPV following failure of all
high- and low-pressure systems - is less important
(than OP), partly because of the low frequency of these
events. A judgement value of 0.1 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
conservanve.

Amendment 77 19D.7-3
,
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19 D.7.3 HEPs in the ABWR PRA In the Level 2 analysis, there are several operator
'

'
! Level 2 Analysis actions that are treated deterministically, i.e., the

probability and consequences of the operator not
In addition to the human actions identified in the performing these actions are not evaluated in the

Level 1 analysis and in the containment event trees, analysis. These actions all occur late in the accident,

several additional human actions have been identified and there is no reason to consider that they will not be
and discussed in parts of the Level 2 analysis. All of Performed. Generally, they are not important actions,
these operstor actions occur late in the accident and in most cases the consequences of not performing

sequences, mostly well after the beginning of core the actions do not have a large effect on risk. These
melt. At those times,the operator is well aware of the actions are listed in Table 19D.7 3.

situation and has a wealth of assistance in tracking
conditions and making decisions regarding needed
acuons.

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

0upper drywell temperature from exceeding 533 K. This i

action 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 IE-3-the same value that was used in the
Level 1 analysis for failure to use drywell sprays for
RPV injection. 'Ihe requirements for this action are the
following: k

i

(1) The operator must have indications in the control
reorn of upper drywell temperature and pressure.

(2) Emergency operating procedures must provide
instructions to the operator to open RHR(C)
manual valves El1-F101 -102, and -103.

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

In the suppression pool bypass analysis
(Subsection 19E.2.3.3), there is an operator action to
initiate the wetwell spray in event of failure of the
wetwell-drywell vacuum breaker, ACS crosstie, or air- ;

operated inerting line supply valves. With a sufficient
'

amount of time available for this action, a judgement
value of 0.01 was used for this HEP. This is an
important operator action that requires written

,

'

emergency procedures a:x! operator traming. ;

Another action in the suppression pool bypass
analysis is action by the operator to close ECCS valves
that opened as a result of the accident conditions, but f

should subsequently be closed. A judgement value of
0.5 was used in the analysis for this HEP, with 30
minutes available for the action. Emergency procedures
are needed to provide instructions to the operator to
close these valves in the event that the associated
systems are inoperative.

Amendmem ?? 19D.7-4
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19 D.7.4 HEPs in the ABWR in the event sequences of Figure 191.3-1, RCIC
Seismic Margins Analysis may stan and run for 8 hours, or may fail to do so. In

the esent that RCIC starts and runs for 8 hours, the
Human actions modeled in the ABWR seismic operator is very much aware that RCIC will trip when

rnargins analysis are listed in Table 19D.7-4. These the DC power supply fails. It is important that he be
human actior.s are modeled in the seismic event trees. prepared to initiate firewater injection into the RPV
There are no human actions in the seismic fault trees. after RCIC trips and ADS occurs. (He may also be
At the time of, and during the duration of an instructed to manually depressurize the reactor prior to <

earthquake, equipment that is needed may fail randomly, automatic depressurization; but this operator action was *

and some operator actions may be needed. With the not modeled.)
exception of FA-initiation of firewater injection,
these random failures, and the associated operator For the case where RCIC starts and operates
acuens are included in the seismic analysis identically successfully for 8 hours, a judgement value of 0.001
as modeled in the intemal events PRA. For FA, was used fqr the probability that the operator would fail
conservative screening values were used in the intemal to accomplish firewater injection. Considering the
events CETs. Because of the increased imponance of available time and conditions, this is a somewhat
firewater in the seismic margins analysis, more realistic conservative estimate, although more realistic than the
values were used for FA. For identification and value used in the internal events PRA (0.01).
discussion of other random events, refer to the internal
events PRA and the associated HRAs. In the event that RCIC fails to start (or run for 8

hours), the operator must take more immediate action *

In making estimates for HEPs for the seismic to initiate firewater injection. It is assumed that he
analysis, high stress levels were assumed, but no may have only 30 minutes to accomplish this action.
addit;onal factors were applied for the seismic event. (If RCIC starts, then fails later, he will have additional
One reason for this is that although the earthquake time.) Allowing 5-10 minutes to perform the action,
might have been severe, there was no structure and using the time-reliability correlation curves from
(building) failure in the sequences w here operator action NUREG/CR-4772 (Reference 4, Figure 7-1), a
was credited. Thus, the operator might have been screening value of 0.01 could be used as an estimate of |

shaken-up, but he would not have been injured or the probability of failure. A more conservative value
incapacitated. Funhermore, the maximum acceleration of 0.1 was used in the analysis. (Use of a less
expected would not exceed about Ig, which is within conservative value for this HEP would not change the
the capability of the operator to withstand. conclusions of the analysis.)

'

In none of the accident sequences ii the analysis Operator action to manually initiate firewater
was the operator required to perform an action durir.g injection is an important action in the event of a large
the earthquake; but only well after the occunence of the earthquake. The fo' lowing provisions are needed for
event. It is reasonable to believe that because of the this action: ,

car'.hquake the operator would be alerted to the
possibility of abnormal conditions. (1) The operator must have a clear unambiguous r

indication of the conditions of electric power,
The seismic margins analysis assumes that offsite RCIC, and reactor water level.

power will be lost in the event of an canhquake of the3

magnitude of interest, and the seismic event trees (2) The operator must have the capability of
(Section 1913) are so constructed. establishing a firewater injection path into the !

RPV in a straightforward manner with all
19 D .7.4.1 FA - Firenater Injection necessary tools and equipment readily available.

In the first seismic event tree (Figure 191.3-1), (3) The operator must have clear written operating |
diesel generators fail, so there is no emergency power pmcedures regarding the action to be taken.
(station blackout). In this situation, the only means of
water injection into the RPV are RCIC and firewater. (4) The operator must have thorough training in the
RCIC is initiated automatically, with manual initiation conditions requiring the action, and training in
as a backup action. Reactor depressurization is also performing the action.
automatic, with manual backup. The manual backup
acuons for RCIC initiation and reactor depressurization
were not modeled in the seismic analysis (except for i

coincidental random events).

|

Amendment ?? 19D 7-5
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19 D .7.4.2 Alternate Boron Injection failure to scram with control rods. In this tree, the
only operator action of interest is the action to control

In the event tree of Figure 191.3-1, for the lower reaclar water level,
branch where scram fails, SLC will not c,perate due to
the absence of AC power. In the seismic event tree and In this event, the standby liquid control system has
the seismic analysis, no credit was given to the operated and injected boron successfully. The operator
operator for alternate boron injechon or controlling the now should control water level with whichever
RPV water level to reduce reactivity. This was a injection system or systems initiate. This is the same
simphfication, which provided the indication that such event that was modeled in the internal events analysis
operator actions would not be needed to survive the (same acronym - LPL). The value assigned to this
earthquake. Nevertheless, provisions should be made HEP in the internal events analysis (0.01) was also
for, and the operator should be instructed and tramed to used in the seismic analysis. This value is a judgement
perform these actions. value taken from GESSAR, Table D.I.1-1. With very

low Fussel Vesely imponance and Risk Achievement
19 D.7.4.3 IIX Heat Exchanger Worth values, this operator action did not show-up in
Isolation the HRA sensitivity analysis. Given an canhquake, the

probability of the combination ofloss of offsite power
in the event tree of Figure 191.3-1, failure of the and failure to insert control rods may be somewhat

RHR heat exchanger (HX) is treated as a rupture higher than for internal events, but still remains as a
resulting in a flooding event; i.e., no credit is given to low-frequency sequence it is expected that the operator i

operator actions to isolate the ruptured heat exchanger. will have training in ATWS events, and it is imponant
This treatment actually has little effect on the analysis. that he have the means of controlling water level; bu' |

there is nothing special about this action following sa
19 D .7.4,4 V2 - Condensate Injection eanhquake that requires any additional or different |,

provisions. '

In the second seismic event tree (Figure 19L3-2),
the diesel generators operate and there is emergency '

power. In this event tree, there are operator actions to i
provide backup manual initiation for RCIC, HPCS, ,

LPFL, and ADS; but these operstor actions are not
modeled in the seismic analysis. There is only one i
operator action modeled in the analysis - operator action
to recover condensate injection. ,

Condensate injection is modeled in the internal '

events PRA, and is discussed in the HRA sensitivity !
analysis as event COND. In the seismic analysis, the
feedwater and condensate pumps will fail or be tripped
due to loss of normal AC power. In case of failure of
high and low pressure ECCS, the operator should
perform a bus transfer for condensate to the plant
investment protection power bus, and then restart a
condensate pump. With 30 minutes to perform the
action, the same HEP value is used that was used in the
internal events analysis - 0.1. This is a very low
probability sequence, and the V2 HEP has very little
effect on the results. Although this cannot rightly be
considered as an imponant human action, the operator
should hate th means, procedures and training to

,

perform the action, since provisions for the bus transfer
have been made in the design.

19 D.7.4.S LPL Operator Fails to
' Con.rol Water Lesel in an ATWS

; The third seismic event tree (Figure 19L3-3) i
represents a loss of offsite power event followed by

Amendment ?? 19D.7-6
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19 D.7.5 HEPs in the ABWR Fire, occurs during first three days after shutdown.
Flood, and Shutdown PRA Analyses HEP = IE-5 if RHR failure occurs later

than three days after shutdown.
19 D .7.5.1 Fire PRA

(b) Recognition in time to prevent core damage.
He ABWR fire PRA analysis (Section 19M) HEP = IE-4 if RHR fails when reactor

showed that it is important that the operators have the cavity is not flooded. HEP is ngligible if
capability of initiating ECCS systems from the remote cavity is flooded.
shutdown panel in the event of a fire in the control
room. The operators must also have the demonstrated (2) Successful startup of a standby RHR(SDC)
ability to initiate and control RCIC locally. For these following loss of the operating division after the
two operator actions, the fire analysis uses a bounding operator has successfully diagnosed the problem.
value of 0.003, taken from Table G-1 (Reference 2 The HEP value used was 2E-2 for failing to start
Appendix G). Dese are important operator actions that up the first of the two standby RHR(SDC)
require procedures and naining in the use of the remote divisions, and 0.1 for failure to start the second
shutdown panel and local operation of RCIC. division.

19 D .7.5.2 Flood PRA (3) Successful use of one of the alternate rneans of
decay heat removal (CUW, FPC, main '

ne human actions specified in the ABWR Flood condenser). The HEP value used was 2E-2 for
PRA analysis are listed and described in the Flood each system.

Analysis (Section 19R.6). Here are three important
operator actions: (4) Successful use of an attemate means ofinventory

makeup using one of the non-safety grade systems
(1) Isolation of flood sources following detection by (CRD, feedwater, or condensate). The HEP value

sump pump operation and alarms or floor water used was 2E-2 for each system.
level detectors,

(5) Utilization of boiling for decay heat removal in
(2) Closure of watertight doors to prevent damage to Mode 5 (with the RPV head removed), including

equipment in more than one safety division, makeup of inventory lost to boiloff. The HEP
value used was 2E-2 for each system.

(3) Opening of doors or hatches to divert water from
safety related equipment (not credited in the PRA). The above HEP values were calculated

conservatively using the procedure for nominal HRA in
The PRA used 0.1. 0.05, and 0.01 for the HEPs Table 8-1 (Reference 4).

for actions 1 and 2, above depending on the available
time . <30 minutes,30 minutes to one hour, and >l Dere are several additional operator actions during
hour, respectively. Dese are conservative values based shutdown operations that are treated deterministically in
on engineering judgement. the shutdown risk evaluation (i.e., it is r.ssumed that-

these actions will be taken if needed): .

These operator actions require procedures and
training to mitigate the consequences of potential (1) Implementation of fire / flood watches during |
intemal floods. periods of degraded safety eqmpment integrity.

19 D ,7.5.3 Shutdown Risk Evaluation (2) Fire fighting during shutdown operations
(possibly with part of the fire protection in

The human actions specified in the ABWR maintenance). ;
'

shutdown risk evaluation are listed and described in the
shutdown analysis (Section 19Q.12). There are five '31 Csc of the remote shutdown panel during
important actions treated probabilistically in the t lutdown operations.
analysis:

De above listed shutdown operator actions are
(1) Recognition of failure of an operating RHR(SDC) important and require procedures, operator training, and

system during shutdown operations. necessary instrumentation and alarms. A list of needed
instrumentation is given in Subsection 19Q.12.3 of the

(a) Recognition in time to prevent boiling (in shutdown risk evaluation.

Mode 5). HEP = IE-4 if RHR failure

Amendment ?? 19D.7 7
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19 D.7.6 Summary of Important (3) COL System Operating Procedure: Closure of
Operator Actions from ihe ABWR ECCS injection valves following ECCS failure
PRAs (see 19D.7.3).

The following are the important operator actions (4) COL Procedures and Planning-
identified in the ABWR Level 1 Level 2, fire, flood, (a) Closure of watenight doors in an internal
seismic, and shutdown analyses. They are divided into flood (see 19D.7.5),
four categories.

(b) Opening of doors / hatches to diven water in
(1) Crincal Tasks: These items should be given an internal flood (see 19D.7.5).

consideration as being " Critical Tasks" as defined
by the human factors evaluation, Design (c) Use of non-safety grade equipment for decay
Acceptance Criteria, as noted in Section 18E.2. heat removal and inventory makeup during

shutdown operations (see 19D.7.5).
(a) Backup manual initiation of HPCF (see

c

19D.7.1 and 19D.7.7). (d) Use of boiloff for decay heat removal with
RPV head removed during shutdown

(b) Recovery of feedwater following scram with operations (see 19D.7.5).
and without isolation (see 19D.7.1 and
19D.7.7). (e) Fire fighting coordination and establishment

of fire / flood watches during shutdown
(c) Use of condensate injection following scram operations (see 19D.7.5). '

with reactor depressurized (see 19D.7.1,
19D.7.4, and 19D.7.7). (0 Use of remote shutdown panel when main

control room is uninhabitable (see
(d) Control of reactor water level in an ATWS 19D.7.5).

(see 19D.7.1,19D.7.4, and 19D.7.7).
(g) 1.ocal initiation and control of RCIC when

(e) Emergency depressurization of the reactor control room is uninhabitable (see
(see 19D.7.2). 19D.7.5).

(O Alignment and initiation of firewater for (h) Outage planning to minimize risk during
RPV injection with ECCS failure in an shutdown operations (see 19D.7.5).
eanhquake (see 19D.7.4).

Groups 2,3 and 4 are included as action items for
(g) Alignment and initiation of firewater for the COL applicant in 19.9.

drywell spray (see 19D.7.3)

(h) Initiation of wetwell spray (see 19D.7.3).

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

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

(2) COL Maintenance item:

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

(b) Calibration of sensors (see 19D.7.1).

Amendment ??
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19 D.7.7 Sensitivity Analysis of the 95th percentile of the uncertainty distribution. The
HEPs in the ABWR Level 1 PRA results are shown in Table 19D.7-7. The top 5 items

each resulted in increases in CDF greater than IE The
A sensitivity analysis has been conducted of the 6th and lower-ranked items each resulted in increases of

HEPs in the Level 1 ABWR PRA. The first step in less than 1/2%, which is considered to be insignificant.
f

the sensitivity analysis process was to identify and list
in rank of importance all human errors included in the An additional analysis was made, in which the
Level 1 PRA. That listing is shown in Tables 19D.7 failure probabilities of the 10 items below #5 were -

5 and 19D.7-6. Two additional recovery items increased (simultaneously) by a factor of 4. The result
involving operator action are recovery of offsite power was a 2.33% increase in total core damage frequency,
and recovery of diesel generators. Those two items are Providing a further indication of the relative
not included in this sensitivity analysis since the failure insensitivity of CDF to variability of the failure
probabilities for those items were determined from probability of these 10 items.
actual data, not from human reliability analysis, and
include factors other than human actions. Because of the general uncertaimy in theoretical

human error analysis, and the involved and labor-
The 12 HEPs in Table 19D.7-5 are the only HEPs intensive nature of the various HRA procedures, the

that show-up in the top 300 cutsets of the analysis, ABWR PRA uses screening methods in several places.
representing 989 of the total core damage frequency. Even though some of the HEPs used in the ABWR
The fourth column in the table gives the HEP value PRA are screening values and are conservative, no
used in the PRA. The fifth column is the error factor sensitivity runs were made with failure probabilities
(the ratio of the 95th to 50th percentile of the decreased from the values used in the PRA. The use of
uncertainty distribution) on the HEP, as provided by more realistic HEPs would reduce total CDF by a small
the PRA uncertainty analysis. In cases where there was amount, but would require additional more-detailed
no clear basis for determining an error factor, a value of HRA. Use of more realistic HEPs might also change
15 was used. the relative importance and sensitivity of the individual

HEPs, but it is doubtful that any basic conclusions or t

'

The sixth column is the Fussell-Vescly Irnportance recommendations would change.

(F.V.), which is a measure of the percentage
contribution of each item to the total CDF. The items The top 5 items are identified as the most sensitive !
in the table are ranked according to decreasing F.V. HEPs in the PRA. The top 4 items are operator
The last column is the Risk Achievement Worth actions that are needed after the accident sequence is
(R.A.W.), which is another importance measure, and is initiated (Type C actions). Each of the operator actions
the factor by which the total CDF would be multiplied represented by HEPs #1 - #4 requires the following:
if that specific item had a failure probability of 1.0.

(1) The operator must have a clear unambiguous ;

All items below #5 (HBMAER1) contribute much indication of the conditions requiring the action. ;

less than 1%, individually, to total CDF. Most of the s
items in Table 19D.7-5, plus CALN002, HFE00SCF, (2) The operator must have the capability of
and HPR007CF from Table 19D.7-6 have a relatively performing the necessary action from the main
high R.A.W., often because these items have relatively control room in a simple straightforward manner.
Iow assigned failure probabilities. All items on the list
except the 15 items identified above have very low (3) The operator must have clear written operating
F.V. and R.A.W. measures, and are eliminated from procedures regarding the action to be taken. i

further c( Mderation. i

(4) The operator must have thorough simulator
The first screening analysis was made by doubling training in the conditions requiring the action.

all the failure probabilities (simultaneously) of all of
t

the 15 items identified above, and then reevaluating HEP #5 represents a Type A action (occurs prior to
core damage frequency. The resulting CDF was 59% initiation of the accident sequence). This error may be
higher than the base CDF. This result provided an an error of omission or an error of commission. To
indication that the CDF was fairly sensitive to one or prevent this error from occurring, administrative t

more of the 15 items. controls must be in place to require independent
verification of the valve position following

The next sensitivity run was made by increasing maintenance, positive control of the key to the valve
the failure probability of each of the 15 items, lock during periods when entry to the containment is

1

individually, by a factor of 4. The factor of 4 includes >

Amendmem ?? 19D.7 9
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possible, and control room verification of the valve least 30 minutes available, and the actual operation of
position pnor to startup. starting the pumps (after recognition of the need) is

simple and requires a minimal amount of time. With
All five of the important operator actions relate to at least 30 minutes available for diagnosis, the curves

makeup of reactor inventory - four with the reactor at of Figures 7-1 and 8-1 (Reference 4) suggest a failure
high pressure, and one (COND) with the reactor at probability of 0.01. The ABWR PRA uses a
low (er) pressure. One of the items (HOOBOPHL)is an conservative screening vr!ue of 0.1.
operator action to backup automatic signals that failed
to initiate HPCF. Three of the items (Q, Q2, and 19 D.7.7.2 Q - Failure to Inject with
COND) are actions for recovery of (non-safety) systems Feedwater During a Non Isolation Event
that were in normal operation and were lost (tripped) at
the time of the event. In cases where failure of the The ABWR feedwater controller is designed to
system was the cause of (initiated) the event, no credit withstand turbine trips (and other transients) without
was given to the operator for recovery of the system. tripping. Nevertheless, the PRA analysis assumed
In some instances, this is a very conservative (conservatively) that 50% of the non-isolation
treatment. The remaining item (HBMAERI)is a Type initiating events would result in tripping of the i

A operator action resulting in mispositioning of a feedwater pumps. It was further postulated that in 10%
valve on the HPCF B discharge line. of these cases, the operator would fail to restart

feedwater pumps. (This also is probably conservative,
Discussions of the derivation of the failure since the FW pumps were in operation just prior to the

probabilities for the five most sensitive actions follow. incident, and only one pump is needed in the accident
saluences.)

19 D .7.7.1 HOOBOPHL - Failure to
Manually Initiate HPCF As in the case of backup initiation of HPCF, the

estimate of operator failure probability is made based *

HPCF is automatically initiated if reactor water on GESSAR, the Limerick PRA, and Swain and
level decreases to Level 2. The PRA gives credit to the Guttman. The same curves in Figures 71 and 8-1
operator for manual backup of the automatic signal. (Reference 4) for suggested screening values and
The value used for the probability of failing to provide nominal values for diagnosis HEPs were used. In all
manual backup initiation is 0.1. (This value for cases of FW recovery in the ABWR PRA, the operator
manual backup actions is used throughout the PRA has at least 30 minutes available, and the actual
wherever the action required is simple and performed operation of restarting a FW pump (after recognition of
from the control room.) the need) requires a minimal amount of time. With at

least 30 minutes available for diagnosis, the cun'es of
,

The action required to manually start the HPCS Figures 7-1 and 8-1 (Reference 4) suggest a failure
pumps is simple and is performed directly from the probability of 0.01. The value of 0.1 used in the
control room with minimal time required for ABWR PRA is conservative-even more consenative
performance of the action. The operator has direct than the value used for initiation of HPCF-because of
(hardwire) control for initiation of HPCF B. Manual the higher frequency of, and greater operator familiarity
initiation of HPCF C is transmitted through multiplex with, startup of feedwater pumps,
equipment. Operator action for initiation of HPCF B
and C is modeled as a single action. "Ihe time available Initiation and control of feedwater and condensate
to the operator for cognition and performance of the are basic routine actions which are performed by the
backup action is at least 30 minutes, except for the operator repeatedly, from the control room, and under a
ATWS and large LOCA events, where the events wide spectrum of varying circumstances and conditions.- '

proceed more rapidly. For those events, the initiating There are few, if any, actions more familiar to the
frequency is low, and the backup manual initiation of operator. However, it is essential that the operator
HPCF has little effect on CDF. have clear indications of the plant conditions

(particularly reactor water level and status of ECCS
The estimate of 10% for operator failure pumps), that he be thoroughly trained under conditions

probability is made based on a long trail back through simulating the spectrum of accident sequences of
GESS AR, the Limerick PRA (Reference 6), Swain and concern, and that the plant EOPs provide clear
Guttman (Table G-1, p. G-4), and even WASH-1400. mstrucuons.

,

In Figures 71 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 initiation of HPCF, the operator has at

1
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19 D .7,7.3 Q2 - Failure to inject uith manual locked-open valve located inside of the drywell,
Feedwater During an Isolation Esent and the valve position is indicated in the main control

room. The PRA assigns a probabihty of 0.01 to the
The analysis in the ABWR PRA assumes that possibility of the valve being closed due to human

40c~r of isolation initiating events will be due to loss of error. Since the vahe is inside the containment and is
feedwater. This is based on operating data from BWRs a manual locked-open valve, the human error must be
in the U.S. For events that are initiated by loss of Type A (pre-accident). NUREG/CR-4772 (ASEP)
feedwater, the PRA gives no credit for recovery. His suggests use of a basic HEP of 0.03 for pre-accident
is conservative treatment, since many loss-of-feedwater errors, which it considers conservative. ASEP and
events (in operating plants) are due to spunous trips Table 20-22 (Reference 2) suggest application of a
which are routinely resel factor of 0.1 for recovery. Because of the valve lock

and the control room indication of the valve position,
The ABWR PRA assumes that 60% of the application of the recovery factor is reasonable. Plant

isolation initiating events will be due to closure of the administrative procedures should also require that the
MSIVs. He ABWR feedwater controller is designed ta valve position be independently verified following
ride-through a MSIV closure event without tripping. maintenance. The value of 0.01 used in the PRA is
Even so, as in the case of non-isolation events, the conservative.
ABWR PRA analysis assumes that 50% of the MSIV '

closure events will result in trip of the feedwater HCMAER1, which is the operator error for
pumps. Also, as in the case of the non-isolation mispositioning the HPCF C discharge valve, also has a

;

events, the probability of failure of the operator to HEP value of 0.01 in the PRA; however, it is much
recover feedwater is assigned a value of 0.1 in the PRA. less sensitive than HBMAERI. This is because there
Based on the above factors, the value for Q2 is: is no hardwire backup for manual initiation of

HPCF C.

0.4 + (0.6 x 0.5 x 0.1) = 0.43

Since the ABWR feedwater pumps are motor-
driven, and the condenser hotwell inventory is '

automatically replenished from the CST: it is not
necessary for the operator to reopen the MSIVs in order
to use feedwater for RPV injection. (However, the
operator may need to reopen MSIVs to regain the main
condeaser for decay heat removal.)

19 D .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
is given for operator recovery of condensate following-

failure of high-pressure injection and depressurization of
the reactor on low water level. Actually, in most cases
no operator action is required, since condensate pumps

"

will continue to operate and pump through minimum
bypass lines so long as power and suction water are
available. (h MSIVs close, operator action may be '

needed to reopen MSIVs to provide recovery of the
rnain condenser for decay heat removal.) The value of
0.1 used for the probability of failure to recover
condensate is a very conservative screening value.

19 D ,7.7.5 HBMAERI - Valve E22-
F005B Closed (NOFC)

Valve E22-F005B is a normally-open valve on the
discharge of the B-loop HPCF pump. This valve is a

,
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19 D.7.8 Sensitivity Study of IIRA 19 D.7.8.3 ABWR Analysis
in Comparison to a Brookhaven
National Laboratory (BNL) Study In this ABWR analysis, HEP factors were applied

directly to the ABWR PRA mean value HEPs. The
19 D .7.8.1 Introduction HEP factor limits corresponded to 5th and 95th

percentiles of the HEP distributions, and were also

This analysis is in response to a request from the limited to keep the values of the new HEPs within the

NRC for GE to perform a sensitivity analysis on the [0,1] probabihty mtgrval. The ultimate limit factor in
ABWR PRA comparable to an analysis by BNL this ABWR analysts corresponds to the maximum
(Reference 5). It is a BNL evaluation of the impact of ABWR PRA error factor of 15.

human errors on the internal event risk parameters in
me LaSalle PRA. One significant difference between the LaSalle and

ABWR HEPs is that the LaSalle Type C errors were
It should be stated that due to many differences dominated by recovery of offsite power and diesel-

between the ABWR plant and the LaSaile plant, and generators; whereas the ABWR PRA did not identify

differences in the structure and methods of the two HEPs for these two recovery actions (sm, cc the recovery

PRAs, direct comparisons may be misleading. frequencies mvolved more man opendor action and were

Nevertheless, an attempt has been made to repeat the basc4 on experience data). Anomer difference is that the
,

BNL methods as closely as possible in a similar LaSalle PRA identified only 4 Type C errors, while the

analysis of the ABWR PRA HEPs. ABWR PRA has 23.

19 D .7.8.4 Discussion of ABWR Results19 D .7.8.2 BNL Analysis

The BNL analysis was performed by multiplying a The results of this sensitivity analysis are shown

group of estimated HEPs corresponding approximately on Figure 19D.7-3, which is a plot similar to the BNL !

to median values of the LaSalle PRA HEPs figure. As m the BNL analysis, the HEP factors are

simultaneously by a factor and computing a new core shown as ranging from 1/29 to 29. This may be
damage frequency; then multiplying all of these HEPs somewhat misleading (in both analyses), since all !

by e larger factor, and continuing the process to a limit. HEPs are not multiplied by the HEP faNor indicated on
,

The same HEPs were also divided by the same factors the x-axis because of upper and lower limits on many
,

and the resulting CDF computed. The HEP factors f the HEP factors. The shapes of the cunes of the <

used in the BNL analysis were limited by the 5th and two analyses are very similar m that they are both s.

95th percentiles of the individual input HEP curves truncated at both ends, and in both cases the

distributions and, of coc se, the HEP factors were also increase in CDF above the base is much greater than

limited to keep the resulting values within the [0,1] the decrease below the base. However, m the LaSalle

probability intenal. The ultimate limit factor in the analysis, the CDF continues to increase out to a HEP '

BNL analysis corresponds to the maximum error factor factor of 29, whereas the ABWR cun'e does not

of 29 of the input HEPs. The result is a curve of CDF increase beyond a HEP factor of about 5. due to lower

vs HEP factor. HEP factor limits and use of means vs medians. ;

The CDF increase in the ABWR curve is less thanThe BNL results are shown on Figare 19D.7-2 .

(Reference 5. Figure 5.7), where BNL showed Type A in the BNL curve (about a factor of 3 compared to a
(pre-accident) and Type C (during accident) HEPs. factor of 10), even though the base CDF for SBWR is ,

There were only 4 Type A errors in the LaSalle PRA. about two decades lower than the LaSalle CDF. This :

The Type C ermrs were almost completely related to is due (at least partially) to the lower HEP factor
,

restoration of lost offsite power and recovery of failed limits. The difference may also be due m, part to the :

diesel-generators. automation of key safety functions in the ABWR *

design.

A statement is made in the BNL report that
19 D.7.8.5 Conelusions" ..since all human errors were varied simultaneously,

the displayed extreme values of core melt frequency
should be regarded as hypothetical, resulting from The conclusions from this sensitivity analysis are ;

extrapolation of PRA models beyond their originally the following-

intended purposes." That caution is equally applicable
to this analysis. (1) The sensitivity of CDF to HEP uncertainty is

limited by the probability interval [0,1], and the :

i
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input HEP error factor (or other measure of
dispersion).

(2) Within the limits of the HEP error factors, the
maximum effect of HEP uncertainty in the
ABWR PRA is an increase in CDF of about a
factor of 3.

(3) Decreases in HEP values below the values used in
the PRA have very little effect on CDF.

(4) Type A HEPs have very little effect on the results
of the PRA.

(5) In spite of significant differences between the
ABWR and LaSalle plants and PRA models, the
results of the two sensitivity analyses are similar. ;

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

!

,

.

.

.

3

&
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19 D.7.9 Supplemental Sensitivity
Analysis

| In response to a specific NRC request, all HEPs in
'

the Level 1 internal events analysis were
! simultaneously increased by factors of +/-5,10,15,20,

25, and 29; and, the resulting CDFs were calculated and
plotted. The results are shown in Figure 19D.7-4

When all ABWR Level I HEPs are multiplied
simultaneously by 29 the resultant CDF is increased
by a factor of approximately 117. Thir result is not
surprising since many low-probability cutsets and

I accident sequences contain multiple HEPs which are
each arbitrarily multiplied by 29.

The results of this analysis should not be compared j
to the BNL analysis discussed in the previous

|
subsection (19D.7.8) since the basic conditions of the j

'
analyses are different in many respects.

I .

;

i
,
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19 D.7.10 Cutsets and Accident
Sequences Containing Human
Interactions

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

19 D .7.10.1 Accident Sequences
Containing Human Interactions

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

19 D .7.10.2 Cutsets Containing Human
Interactions

Of the top 300 cutsets in the analysis,110
contained no human interactions. The total frequency
of these cutsets is 1.12E-7, representing 71.6% of the
total CDF. There were a total number of 190 cutsets
containing hun.an interactions, 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,iepresenting 12.0% of the
total CDF. These cutsets are listed in Table 19D.7-9.

Of the remaining 62 cutsets,59 contained two ;
HEPs. The total frequency of these cutsets was
2.40E-8, representing 15.4% of the total CDF. Dese
cutsets are listed in Table 19D.7-10.

There were no cutsets containing three HEPs.
There was one cutset containing 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 containing five HEPs. The
total frequency of the two cutsets is 3.13E-11 (<0.1%).
One of these two cutsets is in sequence TIS-05, with a .

frequency of 1.86E-11 and containing HEPs Q2,
COND, HOOBOPHL, RHRCFER, and ROOIOPHL.

r

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 ROOlOPHL

!

r
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5 Table 19D.7-1 O
h 12UMAN ACTIONS MODELED IN TIIE AllWR LEVEL I PRAa
5 -

Z~
Name Description Failure Prob. Fault Tree liasis y

WllOOBOPill Failure to manually initiate IIPCF 0.10 IIPCF E*

Q Failure to inject with feedwater 0.05 EVENT TREES *

Q2 Failure to inject with feedwater (TIS) 0.43 EVENT'IREES *

COND Failure to inject with condensate 0.10 EVFNT TREES *

IIBMAERI Valve E22-R)05B closed (NOFC) 0.01 IIPCF SLCS *

LPL Oper. fails to control W.L in an ATWS 0.01 EVENTTREE GESSAR. Table D.I.l.1

ROERROR4 Oper, fails to attempt manual viv. op. 0.10 RCIC GESSAR
(Backup for RCIC disch. viv. (F013))

LTGMANSW CTG mamial disconnect switch [left] open 3E-3 RBCW NUREG/CR-1278
(Following maintenance on gas turbine gen.)

RPR005CF Sensor miscalibration SE-5 RCIC NEDE-22056, p. 85

RFLOO7CF Sensor miscalibration SE-5 RCIC NEDE-22056, p. 85

IIIE EBIIX Water level 8 sensors miscal. (4 div.) 2E-5 RCIC IIPCF NEDE-22056, p. 85

RiiRSPER Oper. fails to manually initiate 6E-5 RIIR GESS AR, p.15D.3-465/l
(SP cooling initiation (within 20 hours)]

,

CALN002A Miscal, of flow xmtrs FIT)08A, B & C SE-5 RiiR NEDE-22056, p. 85

RIIRCFER - Oper. fails to manually initiate 0.10 RIIR NEDC-30936, Appendix 11 t!
G (Backup for RIIR core ikxxl A/B/C)
8 gE

<8
U *Sec Sensitivity Analysis (Subsection 19D.7.7)

-. - - - . . - - , -. - _
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k Table 19D.7-I D
IIUMAN ACTIONS MODELED IN TiiE ABWR 1,EVEI,1 PRA (CONTINUED)

- ,"

Name Description Failure Prob. Fault Tree Ilasis
allCMAERI Valvc E22-F005C mispositioned (NOFC) 0.01 IIPCF GESSAR m

ROERROR3 Oper. fails to manually open valve 0.01 RCIC GESSAR

ADSMAN Failure of ADS manual init. (inckup) 2E-3 ADS GESSAR

ROOIOPIIL Oper. fails to initiate within 30 min. 0.10 RCIC GESSAR
(Backup for RCIC initiation)

NilR Failure to restore normal heat removal 0.01 EVENT 7REES GESSAR

RWCU Failure to actuate RWCU 0.10 EVENT'IREES NEDC-30136, Appendix 11
|

RSTTCOPF Operator fails to reset trip circuit 0.01 RCIC NUREG/CR-1278, p. 20-17
(RCIC internal trips)

SLC000SA Boron concentration sampling failure 2E-5 SLCS NEDC-30936, Appendix II
SLC001IIE Operator fails to initiate SLC 0.10 SLCS NEDC-30336, Appendix II
SLC002ilE Operator fails to initiate SLC tank heater 2E-3 SLCS NEDC-30936. Appendix II

WOPERR Oper. fails to perform imlicated action 0.01 RBCW NUREG/CR-1278, p. 20-17
(Backup to RBCWinitiation)

IIUEROR5 Oper. fails to transfer from CST to SP 0.01 IIICF GESSAR

VOPERRF Operator fails to start pump 1E-3 RBCW NUREG/CR-1278, p. 20-17

i ASECSNA Operator fails to backup N2 initiation 0.10 ADS NEDC-30936, Appendix il

CMAN Operator fails to backup ARI initiation 0.10 ARI NEDC-30936, Appendix 11 u

| = a
|
,
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E Tabic 19D.7-1 k3 a tXIft IIUMAN ACTIONS MODEI.ED IN Tile AHWR t,EVEL 1 PRA (CONTINUED) a. s
3 D' #5 3, %"

Name Description Failure Prob. Fault Tree lia sis y
ET

E.lsruical E
EliU69C Operator fails to transfer power IE-3 Elec. GESSAR

('EllUlli Operator fails to bypass IE-3 Elec. GESSAR

}EllUll2 Operator fails to bypass IE-3 Elec. GESSAR
i ElIUB3 Operator fails to bypass IE-3 Elec. GESSAR
(ElIUB4 Operator fails to bypass IE-3 Elec. GESSAR

ElIUSI AD Oper. fails to xfer stdby charher to Div. I lE-3 Elec. GESSAR
ElIUSillD Oper fails to xfer stdby charger to Div.11 IE-3 Elec. GESSAR
EllUSICD Oper. fails to xfcr stdby charger to Div. lil IE-3 Elec. GESSAR
ElIUSIDD Oper. fails to xfcr stdby charger to Div. IV IE-3 Elec. GESSAR

Miscalibratiana
iIFE008CF Miscal.of flow xmtrs SE-5 llPCF NEDE-22056, p. 85
ilPR007CF Miscal. of pressurc xmtrs SE-5 IIPCF NEDE-22056, p. 85
Alli'IIX)6 Miscal. of pressurc xmtrs 2E-5 ADS NEDE-22056, p. 85
RFE63511X Miscal. of CST level sensors 2E-5 RCIC NEDE-22056, p. 85
REOSSMSC Elec.overspeed sensor miscal SE-5 RCIC NEDE-22056, p. 85
RPR309MC liigh turbinc cxh. press. xmtr. miscal SE-5 RCIC NEDE-22056, p 85
RMOSSMSC Mech.overspeed sensor miscal SE-5 RCIC NEDE-22056, p. 85
RPR303MC Ixw suction press. xmtr. miscal SE-5 RCIC NEDE-22056. p. 85

Valve Misoositintu
ROERROR5 Valve IT)09 inadvertently left open 0.01 RCIC GESSAR
IIBMAER2 Test valve E22-ITX7)B inadvert. left open 0.01 ilPCF GESSAR
IICMAER2 Test valve E22-ITX7/C inadvert. left open 0.01 IIPCF GESSAR

C001AMOV Manual override fails initiation signal 1.8E4 RilR GESSAR
C001BMOV Manual override fails initiation signal 1.8E4 RilR GESSAR
C001CMOV Manual override fails initiation signal I.8E-4 RilR GESSAR

h
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y Table 19D.7-2 S9

! IIUMAN ACTIONS MODELED IN TIIE AllWR PRA CONTAINMENT EVENT TREES E CD
E' #

5 Name Description Probability Event Tree (Fig.) liasis E '

3!OP Operator fails to depressurize reactor 6E-3 19D.5-6 15 min. (neremice 7) $
6E-3 19D.5-9 15 min. (aerem.e. 7)

~

2E-3 19D.5-X 30 min. <nererene. 7)

ARV Operator fails to initiate firewater 0.01 19D.5-8 * >8 hrs.
0.10 19D.5-il * I hr.
0.10 19D.5-15 * I hr.

IITF Operator fails to initiate drywell spray 0.01 19D.5-4 * 5 hrs.
0.01 19D.5-5 * 5 hrs.
0.01 19 D.5-7 * 5 hrs.
0.01 19D.5-10 * 5 hrs.
0.01 19D.513 * 5 hrs.
0.01 19D.5-14 * 5 hrs.

ARC Operator fails to recover RilR or firewr=ter 0.01 19D.5-5 * 5 hrs.
Operator fails to initiate firewater 0.01 19D.5-6 * 5 hrs.
Operator fails to realign firewater to RPV 0.01 19D.5-7 * 5 hrs.
Operator fails to initiate firewater 0.01 19D.5-9 * 5 hrs..

Operator fails to initiate firewater 0.01 19D.5-10 * 5 hrs.
Operator fails to initiate firewater 0.01 19D.5-l l * >H hrs.
Operator fails to initiate firewater 0.01 19D.5-14 5 hrs.*

Operator fails to initiate firewater 0.01 19D.5-15 * >8 hrs.

* Judgement - conservative value assigned.

tf-
>
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[ Talile 19 D.7-2 S.3
7 IIUMAN ACTIONS MODELED IN TIIE AllWR PRA CONTAINMENT EVENT TREES $ C:1
!! (CONTINUED) ysa. s:3

[%
n.

Name Description Probability Event Tree (Fig.) liasis
ERCil Operator fails to realign RIIR after ARC 0.01 19D.5 5 * >8 hrs.

Operator fails to realign RIIR after no ARC 0.10 19D.5-5 >8 hrs.*

Op. fails to recover RiiR or realign firewater 0.01 19D.542 >8 hrs.*

Op. fails to recover RIIR after no firewater 0.10 19D.5-6 >8 hrs.*

Op. fails to recover RIIR or realign firewater 0.01 19D.5-7 * >8 hrs.
Op. fails to recover RIIR after no firewater 0.10 19D.5-7 * >8 hrs.
Op. fails to recover RilR or realign firewater 0.01 19D.5-8 * >8 hrs.
Op. fails to recover RIIR after no firewater 0.10 19D.5-8 * >8 hrs.
Op. fails to recover RIIR 0.01 19D.5-8 * >8 hrs.
Op. fails to recover RilR or realign firewater 0.01 19D.5-9 * > 8 hrs.
Op. fails to recover RIIR after no firewater 0.10 19D.5-9 * >8 hrs.
Op. fails to recover RilR or realign firewater 0.01 19D.5-10 >8 hrs.*

Op. fails to recover RIIR after no firewater 0.10 19D.5-10 * >8 hrs.
Operator fails to initiate firewater 0.10 19D.5 10 20 hrs.*

Operator fails to realign RIIR after ARC 0.01 19D.5-14 >8 hrs.*

Operator fails to realign RilR after no ARC 0.10 19D.5- 14 >8 hrs.*

*

Judgernent - conservative value assigned.

t3
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ABWR 23A6100AS
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Table 19D.7-3
OPERATOR ACTIONS TREATED DETERMINISTICALLY IN THE ABWR

LEVEL 2 PRA

A<sumed Action Reason for the A s<u m otion

1. RPV W.L. lowered below the shutdown cooling Procedures will instruct the operator to maintain the
nozzle and RPV depressurized following a break W.L. between TAF and 5 feet above TAF for these
of an RWCU line with failure of isolanon valves conditions (see 19.9.1).
to close.

2. Non-esser,tial DC loads shed from station Batteries should be available for at least 8 hours after
batteries in event of station blackout. station blackout without load shedding. The ABWR

PRA assumed 8 hours of banery life.

3. Firewster injection stopped if suppression pool Suppression pool W.L. would be steadily increasing so
W.L. reaches the same elevation as the bottom of that the operator would have significant advanced
the RPV, unless firewater were the only means indication that action would be required. "Ihis situation
of RPV injection and the RPV was still intact. would only occur about 16 hours into the accident and

at least 12 hours after initiation of firewner. Procedures
are needed to provide operator guidance for this
situation.

4. Firewater spray is initiated as necessary to The upper drywell temperature would be slowly and
maintain the upper drywell temperature below steadily increasing. Thus, the operator would have
533*K. ample advanced indication that action would be required.

This situation would occur about 16 hours into the
event.

5. Firewater spray is initiated in the event of Action needed within 30 minutes of drywell failure, but
drywell failure. at least 20 hours into the accident. The operator should

be aware of the condition of the drywell at that time.

6. Water supply to the RCIC is switched back to Suppression pool temperature would be rising slowly
the CST if a high suppression pool temperature and steadily providing the operator with advanced
alarm occurs. indication that action would be needed. This situation

would only occur at least 4.5 hours into the accident.

7. If, at any time, the shutoff head of the firewater Vessel pressure would be slowly and steadily increasing,
system were exceeded, injection would be thus providing the operator with advanced indication of
accomplished by use of a fire pumper truck, needed action. This situation would occur no sooner

than 15 hours into the accident.

i

,
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Table 19D.7-4
a llUMAN ACTIONS MODELED IN TIIE AllWR SEISMIC MARGINS ANAL,YSIS
W gg
E a. s

Name k^3 Descriplinn Probability Event Tree (Fig.) lia sis

~aFA Oper fails to initiate firewater injection IE-3 191.3-1 Judgement E
(RCIC operates for 8 hours) ?.

FA Oper. fails to initiate firewater injection 0.10 191.3-1 NUREG/CR 4772, Fig. 7-1
(RCIC fails to operate for 8 hours)

V2 Oper. fails to inject with condensate 0.10 191.3-2 IIRA Sensitivity Anal.

LPL Oper, fails to control W.L. in an ATWS 0.01 191.3 3 GESSAR, Table D.I.1-1

W3 - RilR (%c following material was deleted from the scismic margins analysis since the a(kled containment vent is not sut* ject to scismic failure.]

'W3 Oper. fails to align RIIR 6E-5 191.3-2 GESS AR, p.15D.3-465/l

For sequences with successful RPV injection, decay heat must be removed. Without normal AC power, normal heat removal with the main condenser is not
possibic. %c RilR system operates on cmergency power, and may survive the carthquake in operable condition. %c operator has a long time--20 hours--to
align the RilR valves for shutdown or suppression pool cooling. His same action was modeled in the internal events analysis as RilRSPER, with a llEP
value of 6E-5 (taken from GESSAR, p.15D.3-465/l). %c same value was used in the scismic analysis.

In the llR A sensitivity analysis, RilRSPER did not show up as a very imputant event. In the scismic analysis, W3 is more important due to the inability to
use the main condenser. Ilowever, since there is a long time available to perform this action, and since RilR alignment is an action with which the operator
should be well trained and familiar, there should be no need for special provisions related to carthquake."

ti
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y Tabic 19D.7-5 g
( llUM AN ACTIONS IN TIIE TOP 300 CUTSETS (98.0% OF CDF) EW
a e::
0 Assigned Imnortance Rg

Rank Name Description Probability E.F. F.V. (%) R. A.W. g

1. IlOOBOPIIL Failure to manually initiate llPCF 0.10 5 16.0 2.44
(incl. hardwire tuckup for EMUX failure - IllCF II)

2. Q Failme to inject with feedwater 0.05 5 12.5 3.38

3. Q2 Failure to inject with feedwater(TIS) 0.43 5 10.9 1.14

4. COND Failure to inject with condensate 0.10 15 1.90 1.17

5. IIBMAERI Valve E22-F005B closed (NOFC) 0.01 5 1.73 2.71

6. ROERROR4 Oper. fails to attempt manual viv. op. 0.10 5 0.15 1.01

| Backup for RCIC disch. viv. (R)l3))

7. CTGMANSW CTI) manual disconnect switch [left1 open 3E-3 3 0.08 1.28
(Following maintenance on gas turbine gen.)

8. RilRCFER Oper. fails to manually initiate 0.10 5 0.06 1.01
(Backup for RIIR core ikxxl A/B/C)

9. RPR005CF Sensor miscalibration SE-5 10 0.05 11.8

10. RFLOO7CF Sensor miscalibration SE-5 10 0.05 11.8

11. IIFElliBilX Water level 8 sensors miscal. (4 div.) 2E-5 10 0.05 27.5

12. ROOIOPill Oper fails to initiate within 30 minutes 0.10 5 0.04 1.00
(Backup for RCIC)

ti
e s
8 65
e ic;
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Table 19D.7-6
f IIUMAN ACTIONS tlEl.OW TIIE TOP 300 CUTSETS (2.0% OF CDF)
e m
$ Assigned Imoortance I

Name Description Probability F, . F . F.V. (%) R. A .W. "h"

s
CALN002A Miscal, of flow xmtrs FID08A, B & C SE-5 10 0.15 31.8 E

RilRSPER Oper. fails to manually initiate 6E-5 10 0.(M 4.08
ISP cooling initiation (within 20 hours)]

IICMAERI Valve E22-R)05C mispositioned (NOFC) 0.01 5 0.05 1.06

ROERROR3 Oper fails to marmally open valve 0.01 5 <0.01 1.00

ADSMAN Failure of ADS manual init. (backup) 2E-3 5 0.01 1.06

NIIR Failure to restore normal heat removal 0.01 15 < .01 1.00

RWCU Failure to actuate RWCU 0.10 5 <.01 1.00

RSTTCOPF Operator fails to reset trip circuit 0.01 5 <.01 1.00
(RCIC internal trips)

SLC00GSA Bomn concentration sampling failure 2E-5 10 <.01 1.07
SLC00IllE Operator fails to initiate $mC 0.10 10 <.01 1.(X)
SLC0021IE Operator fails to initiate SLC tank heater 2E-3 5 <.01 1.(X)

WOPERR Oper. fails to perform indicated action 0.01 5 * *

(Backup to RBCW initiation)

IfUEROR5 Oper. fails to transfer from CST to SP 0.01 5 * *

VOPERRF Operator fails to start pump IE-3 5 * *

ASECSNA Operator fails to backup N2 initiation 0.10 5 * *

* low the cutset cutoff level (E-13) $Be_

k
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_. . - . - - - . . ._ _ - . .. .,



t

Table 19D.7-6
f IIUMAN ACTIONS HELOW TIIE TOP 300 CUTSETS (2.0% OF CDF) (CONTINUED)
t Cd
g as

Assigned im portance y#o

Name Description Probability E.F. F.V. (%) R. A.W. "h"

2
CMAN Operator fails to luckup ARI initiation 0.10 5 * * $

LPL Oper. fails to control W.L. in an ATWS 0.01 15 <.01 1.06

LICCl%ti
ElIU69C Operator fails to transfer power iE-3 10 <.01 1.06
EllUlli Operator fails to bypass IE-3 10 * *

ElIUll2 Operator fails to bypass IE-3 10 * *

ElIUll3 Operator fails to bypass iE-3 10 * *

EllUB4 Operator fails to byptss IE-3 10 * *

EllOSIAD Oper, fails to afer stdby charger to Div. I IE-3 10 * *

ElIUStBD Oper. fails to xfer stdby charges to Div. Il lE-3 10 * *

EllUSICD Oper, fails to xfer stdby charger to Div.111 IE-3 10 * *

EllUSIDD Oper. fails to xfer stdby charger to Div. IV IE-3 10 * *

Miscahbrations
IIFE008CF Miscal. of flow amtrs SE-5 10 0.01 3.45
IIPR007CF Miscal. of pressurc xmtrs SE-5 10 0.01 3.45
AllPTG06 Miscal. of pressurc xmtrs 2E-5 10 * *

RFE63511X Miscal. of CST level sensors 2E-5 10 * *

REOSSMSC Elec.overspeed sensor miscal Sh-5 10 <.01 1.11
RPR309MC liigh turbine exh. press. xmtr. miscal SE-5 10 <.01 1.11
RMOSSMSC Mech.overspeed sensor miscal SL-5 10 < .01 1.11
RPR303MC Low suction press. xmtr. miscal 58-5 10 <.01 1.11

Valve Misposillons
ROERRORS Valve F009 in:dvertently left open 0.01 3 * *

IIBMAER2 Test valve E22-14109B inadvert. left open 0.01 5 * *

IICMAER2 Test valve E22-F009C inadvert. Icft open 0.0I 5 * *

C001AMOV Manual ove: Tide fails initiation signal 1.8E-4 10 * *

C001BMOV Manual override fails initiation signal 1.8E-4 10 * *

C00lCMOV Manual override fails initiation signal I.8E-4 10 * *
g
?. .

8 Below the cutset cutofflevel(E-13) h59 Lc
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y Table 19D.7-7 g
h CDF INCREASE WITH ABWR PRA HRAs MULTIPLIED BY 4 (INDIVIDUALLY) EW
H &$
4 Rank Name Descr!pilon New I' rob. E.F. CDF Increase (%) Eh

3
1. IIOOBOPIIL Failure to manually initiate llPCF 0.40 5 47.9 $

(incl. hardwire luckup for EMUX failure - IIPCF B) ~

2. Q Failure to inject with feedwatcr 0.20 5 37.3

3. COND Failure to inject with condensate 0.40 15 5.39

4 IIBMAERI Valve E22-ITX)5B cimed (NOFC) 0.04 5 4.98

5. Q2 Failure to inject with feedwater (115) 0.52 5 2.28

6. ROERROR4 Oper. fails to attempt manual viv. op. 0.40 5 0.41
[Dackup for RCIC disch. viv. (TIll3)]

7. CALN002A Miscal, of flow xmtrs Fr008A, B, & C 2E4 10 0.41

8. CTUMANSW CTG manual disconnect switch (left) open 2E-4 3 0.21
(Following maintenance on gas turbine geri.)

9. RPR005CF Sensor miscalibration 2E4 10 0.16

10. RFLOO7CF Sensor miscalibration 2E-4 10 0.16

11. IUTLEDilX Water level 8 sensors miscal. (4 div.) 8E-5 10 0.15

12. RilRSPER Oper. fails to marmally initiate 2.4 E-4 10 0.06
|SP cooling initiation (within 20 hours))

13. IIFE008CF Miscal.of flow xmtrs 2E4 10 0.48

14. IIPR007CF Miscal. of pressurc xmtrs SE-5 10 0.0%
!.f

5 d.g<9
d > vi
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. Standard Plant- REV. A -.

!

Table 19D.7-8 !

'ABWR PRA2 ACCIDENT SEQUENCES CONTAINING HUMAN INTERACTIONS

Initiating Event ' Sequence CDF
I

TM Manual Shutdown 115E-8 !

TM-05 5.02E-10 |
. Bi-M . 1.10E-8 .;

.I
TT Unisolated Transient 6.83E-9 '

TT-03 3.44E-10 'i'

TT-06 . 6.44E-9 |
1

TIS 1solated Transient ~ 1.70E-8 f..

) TIS-06 1.61E-8 |
TIS-12 4.84E-11 .i

;.

;

TIO10RV 1.24E-9 ~ j
' TIO44 1.54E-10 ;

TIO45 ~ 1.09E-9 .|

TE2 LOSP <2 hrs -
. !.

4.47E-9 j
TE2-06 4.45E-9 i

-I
TE LOSP 2-8 hrs 2.88E-9 ;

TE8-06 2.85E-9 l
'!

TEO LOSP >8 hrs 1.69E-9 !
TEO-05 ' 1.01E-9 |'
TEO-06 5.61E 10-
TEO-10 5.10E-11 'i

!
'BE2 SBO <2 hrs 16.67E-8

BE242 6.67E-8

i

BE8 SBO 2-8 hrs 2 57E-8 :i
|BE8 05 2.44E-8

i

51 Medium LOCA 3.42E-10 |
SI-04 1.42E-10 -!

:
:

S2 Small LOCA 2.55E-10 !

S2-06 2.45E-10 |
1

SO Large LOCA 9.02E 11 j
SO-03 9.02E 11-

i

ATWS 2.705-10 |

ATWS-11. 1.39E-10 !
'!

i

i|
Amendrnent 77 19D.7-28 .j
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ABWR mums
Standard Plant mA

Table 19D.7-9
ABWR PRA CUTSETS CONTAINING A SINGLE HUMAN INTERACTION

HEPs Sequence No. Of Cutsets CDF

Q TT-06 24 2.28E-9

Q TM-06 23 3.87E-9

Q T10-05 7 2.92E-10

Q Tota! 54 6.44E-9

Q2 TIO-05 25 5.70E-9

COND TEO-05 16 3.94E-10
COND TEO-010 1 1.44E-11
COND Total 17 4.08E-10

HOOBOPHL TEO-06 3 2.06E-10
HOOBOPHL TE2-06 3 2.90E-9
HOOBOPHL TE846 3 1.86E-9
HOOBOPHL S 0-03 1 1.24E-Il
HOOBOPHL SI-04 3 7.91E-11
HOOBOPHL S2-06 3 1.42E-10
HOOBOPHL Total 16 5.21E-9

HBMAER1 TE246 3 2.90E-10
HBMAER1 TE8-06 3 1.86E-10
HBMAERI ATWS-Il 1 1.00E-10

HBMAER1 Total 7 5.77E-10

ROERROR4 BE2 02 2 ' 1.66E-10

ROERROR4 BE8-05 2 6.06E Il
ROERROR4 Total 4 2.26E-10

RPR005CF BE8-05 2 8.33E-Il

'

RFLOO7CF BE8-05 2 8.33E-Il

HFELEBHX BE2-02 1 2.44E-11

Total 128 1.88E-8

(12.0%)

.

Amenenent ?? 19D.7.;9



ABWR unims

Standard Plant EA

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

H EPs Sequence No. Of Cutsets CDF

Q and COND TM-05 12 3.96E-10

Q and COND TT-05 5 1.65E-10

Q and COND T10-64 1 1.3SE-11

Q and COND Total 18 5.75E-10

Q and HOOBOPHL TM-06 2 4.6SE-9

Q and HOOBOPHL TT-06 5 6.78E-9

Q and HOOBOPHL TIO-05 3 5.89E-10

Q and HOOBOPHL Total 10 1.20E-8

Q and HBMAERI TM-06 3 6.24E-10

Q and HBMAERI TT-06 3 3.66E-10

Q and HbMAER1 TIO-05 3 5.89E-11

Q and HBMAER1 Total 9 1.05E-9

Q2 and COND TIS-05 16 5.77E-10

Q2 and HOOBOPHL TIS-06 3 9.13E-9

Q2 aM HOOBOPHL TIS-12 1 1.37E-11

Q2 and HOOBOPHL Total 4 9.14E-9

Q2 and HBMAER1 TIS-06 2 6.85E-10

Total 59 2.40E-8

(15.4%)

&

Amendmem ?? 19D.7 30
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v . o ,, T - 0.ci

G * 0.98

G = 0.02
g

I = 0.9
A=01

,

tA o C.2

U = 0.8
5 I * 0.99

''
Am = 0 05

S Im . 0.95
5 C=0.9

5 **Im * 0.95

$ g.0.5

D + 0.5Cm = 0.5 Cm * 0.5

5
F2

5

6m = 0.3 Dm = 0.7

s
F1

LEGEND:

S = SUCCESS

F = FAILURE
T = PROBABILITY TOOL ROOM ISSUES BAD CALIBRATION TOOL.

G = PROBABILITY TOOL IS GROSSLY OUT OF CAllBR ATION t

M = PROBABILITY TOOL 15 MODERATELY OUT OF CAllBRATION

A.B.C.D = PROBABILITY THAT INSTRUMENT TECHNICIAN FAILS TO RECOGNIZE THE ERROR
IN THE CAllBRATION TOOL

= (SUBSCRIPT) INDICATES MODERATE MISCAllBRATION CASEm

SOLUTION:

P(F) = P(F ) + P(F ) = T IGMAm Bm Cm Dm + G A B C D)i 2

= 0.01 [(0.9B)(0.2)(0.5)(0.05)(0.5)(0.7) + (0.02)(0.1)(0.01)(0.1)(0.5)]

= 0.01 [1.715 X 10-3 + 1 X 104] = 0.01 X 1.716 X 10'3
= 1.7 X 10'' (USE 2 X 10~5)

FIGURE 19D.71
EVENT SEQUENCE USED TO DERIVE HUMAN ERROR PROBABILITY

DURING A CALIBRATION PROCEDURE

Amendment ?? 19DJ.31
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HEP FACTOR

TIMING

ALL HEs PRE-ACC + DUR-ACC

Figure 19D.7-2

SENSITIVITY OF CMF TO PRE-ACCIDENT & DURING-ACCIDENT ERRORS.
RESULTS OF THE BNL HRA SENSITIVITY ANALYSIS.

(Refennee 5)
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Overc!! CDF sensitivity fo HRA ,

1.crE G -

2 AU Human Actons

+ cass A Human Actons

1.CIE-a5 - - N C Human Actons

h 1.0LE-06
-

,. , . - .

. - .. - a

E E 2 5 E 5'g,m7

1.CEE G

& 8 @ $ 9 E g* 2 S 8 N S
s s ~ ~ _

.

,

HRA Factor

Factor CDF CDF CDF
Class A Class C All

1/22 1.51EW 1.16EG 1.15E-07

1/25 1.51EW 1.16E G 1.15EW

1/20 1.51E47 1.16E 07 1.15EG
1/15 1.51E47 1.16EG 1.15EM

1/10 1.53EW 1.16E 07 1.15E-07

1/5 1.54E-07 1.18E 07 1.17E47

Base 1.56E 07 1.5EEE 1.55E 07 ;

5 1ESE47 166E 07 4.13E-07

to 1ESE47 186E c7 4.13E 07

15 1EEE47 186E 07 4.13547

23 1EEE47 18E 07 4.13E-07

25 1ESE47 3.56E-07 4.13E47

29 145E 07 186Em 4.13E47

Figure 19D.7-3
RESULTS OF TIIE ABWR SENSITIVITY ANALYSIS

(In Comparbon to the Resolu af Reference 5)

,
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Overo!! CDF sensitMty to HEPs

~

+ All Human Actons

+ Cass A Human Actons

1.00EG -
- Cass C Human Actons

1.COE-06 -

1.00E47 - " 2 2 2 2

1.00E 08

h 0 h$ $ $ ,h
# S O O $ 0- - -

g
HEP Factor

Factor CDF CDF CDF
Class A Class C ALL

1/29 1.17E-07
1/25 1.17E-07
204an 1.17E-07
1/15 1.17E 07
1/10 1.17E 07
1/5 1.18E-07
Base 1.56E47
5 7.47E-07
10 5.64E-OS
15 7.24E-06
20 9.89E 06
25 1.25E-05
29 1.82E 05

Figure 19D.7-4
ABWR PRA CDF WITH ALL HEPs MULTIPLIED SIMULTANEOUSLY BY A

FACTOR
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